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Schistosomes (primarily Schistosoma mansoni, S. haematobium, and S. japonicum) and soil-transmitted 
helminths (STHs: Ascaris lumbricoides, Trichuris trichiura, and hookworms) are prevalent parasites in many 
tropical countries. Their life cycles suggest that water, sanitation, and hygiene (WASH) might reduce their 
transmission. However, this field has suffered from a lack of rigorous studies with sufficient statistical power.  
A systematic review and meta-analysis determined that people with access to safe water and adequate sanitation 
have significantly lower odds of schistosome infection, although there was a risk of socioeconomic confounding 
(that is, people of higher socioeconomic status having better WASH and being protected from infection for other 
reasons). A more qualitative review identified many sources of complexity and non-linearity between WASH 
exposures and schistosome infection outcomes. 
Next, in a survey in and around 30 schools in southern Ethiopia, children were tested for the parasites, and 
school-, household-, and child-level WASH facilities and practices were assessed. Child- and household-level 
sanitation risk factors were compared with hookworm infection (the other helminths being very rare), but no 
significant associations were found. Finally, a school-level WASH survey was integrated into an Ethiopian 
national mapping programme for schistosomes and STHs, and data were collected from 1,645 schools. School-
level scores were constructed, reflecting exposure to potentially schistosome-infested water during the collection 
of water for school, and the adequacy of school sanitation and hygiene facilities. These were compared with 
school-level arithmetic mean infection intensities for S. mansoni and the STHs, using Kendall's τb. Statistically 
significant associations were found for water and S. mansoni, sanitation and A. lumbricoides, and hygiene and 




A. duodenale Ancylostoma duodenale, commonly known as the Old World hookworm, one of the 
species of hookworms 
A. lumbricoides Ascaris lumbricoides, commonly known as roundworm, one of the soil-transmitted 
helminths 
CI   Confidence interval 
DALY   Disability-adjusted life year, a measure of burden of disease 
df   Degrees of freedom 
EPG Eggs per gram of faeces, a measure of the intensity of intestinal parasite infection 
EPS Eggs observed per slide, the number of eggs counted in the Kato-Katz technique 
(EPS is equivalent to EPG divided by 24) 
EPHI the Ethiopian Public Health Institute, formerly the Ethiopian Health and Nutrition 
Research Institute (EHNRI) 
GPS Global positional system 
GRADE The Grades of Recommendation, Assessment, Development, and Evaluation, an 
approach to grading the quality of studies included in meta-analyses 
JMP UNICEF and WHO Joint Monitoring Programme for water supply and sanitation 
MeSH Medical subject headings 
MOOSE Meta-analysis of observational studies in epidemiology, a set of guidelines for the 
reporting of meta-analyses 
N. americanus Necator americanus, commonly known as the New World hookworm, one of the 
species of hookworms 
NGO   Non-governmental organisation 
NS Not (statistically) significant 
NTD   Neglected tropical disease 
OR Odds ratio 
PCD   the Partnership for Child Development 
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PC   Preventive chemotherapy 
PRISMA Preferred reporting items for systematic reviews and meta-analyses 
S. haematobium Schistosoma haematobium, the causative agent of urogenital schistosomiasis in 
Africa and the Middle East 
S. japonicum Schistosoma japonicum, the causative agent of intestinal schistosomiasis in East Asia 
S. mansoni Schistosoma mansoni, the causative agent of intestinal schistosomiasis in Africa, the 
Middle East, and Latin America 
SCI    the Schistosomiasis Control Initiative 
SD Standard deviation 
SE   Standard error 
SERC   Scientific and Ethical Review Committee 
SES   Socioeconomic status 
SNNPR   the Southern Nations, Nationalities, and Peoples’ Region, Ethiopia 
spp.   Species 
STH    Soil-transmitted helminth 
T. trichiura Trichuris trichiura, commonly known as whipworm, one of the soil-transmitted 
helminths 
UNICEF   the United Nations Children's Fund 
VIP   Ventilated improved pit, a latrine design 
WASH   Water, sanitation, and hygiene 
WFP   the United Nations World Food Programme 
WHA   the World Health Assembly 
WHO   the World Health Organization 
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Chapter 1. Introduction 
1.1. The human schistosomes 
Schistosomiasis is a parasitic disease caused by infection with blood flukes of the genus Schistosoma. Eight 
species are known to cause disease in humans, although the majority of the morbidity is caused by three species: 
Schistosoma mansoni causes intestinal schistosomiasis, in which the eggs are released in the faeces, in Africa, 
the Middle East, the Caribbean, and Latin America. Schistosoma haematobium causes urogenital 
schistosomiasis, in which the eggs are released in the urine, in Africa and the Middle East, and Schistosoma 
japonicum causes intestinal schistosomiasis in East and Southeast Asia, in particular in the People’s Republic of 
China, Indonesia, and the Philippines (Gryseels et al., 2006, Colley et al., 2014). 
Human disease may also be caused in Africa by Schistosoma intercalatum, Schistosoma mattheei, and 
Schistosoma guineensis, and in East and Southeast Asia by Schistosoma malayensis and Schistosoma mekongi 
(Webster et al., 2006) – though these species have limited geographical distributions, are closely related to the 
first three, and in some cases are less able to infect humans. They are thus of less global significance and are 
therefore not discussed further in this thesis. Hybridisation between human and zoonotic schistosome species 
has raised concerns that new hybrid schistosomes may exhibit worse pathogenesis, lower susceptibility to drugs, 
expanded geographical distributions, and significant animal reservoir hosts (King et al., 2015). 
1.1.1. Life cycles of the human schistosomes 
Schistosomes have complex life cycles, summarised in Figure 1. Adult schistosomes, shown at point (10) in 
Figure 1, and in Figure 2, are about 7 to 20 mm in length, and live in male-female pairs in the mesenteric (S. 
mansoni and S. japonicum), or perivesical (S. haematobium) venous plexus of the definitive host – humans and, 
particularly in the case of S. japonicum, other mammals (Gryseels et al., 2006, McManus et al., 2010, Colley et 
al., 2014).  
The female lays many eggs – around 250 to 550, 500 to 1,500, and around 3,500 per day in the cases of S. 
mansoni, S. haematobium, and S. japonicum, respectively (Moore and Sandground, 1956, Ayad, 1974). 
Schistosomes exhibit density-dependent fecundity; that is, each female lays fewer eggs in heavy infections 
(Medley and Anderson, 1985). More than half of the eggs produced are trapped within the host, and these give 
rise to most of the morbidity caused by schistosomes (Cheever, 1968, Cheever, 1969, Warren, 1982, von 
Lichtenberg et al., 1987, Gryseels et al., 2006, Colley et al., 2014). This morbidity primarily results from 
inflammatory immune responses to the eggs, and enlargement of the liver and spleen (hepatomegaly and 
splenomegaly) are particularly common, since many eggs become trapped in the liver, having been carried there 





Figure 1: The life cycles of the three main human schistosomes: S. mansoni, S. haematobium, and S. japonicum. 
Schistosomes begin life as eggs, which hatch, each one releasing a miracidium. Miracidia infect snails and develop, finally 
giving rise to thousands of cercariae. Humans or other definitive hosts become infected when these cercariae penetrate 
through the skin during contact with infested water. Inside the definitive host, cercariae develop into adult worms, which 
reside in blood vessels around the intestine (S. mansoni and S. japonicum) or the bladder (S. haematobium). The female 
schistosome lays eggs which penetrate into the intestine (S. mansoni and S. japonicum) or bladder (S. haematobium), finally 
leaving the human host in the faeces or urine. Figure adapted from (CDC, 2002a). 
 
Figure 2: A pair of adult Schistosoma nasale worms, similar in morphology to the human schistosomes. The thinner 
female is held in a groove in the male’s body. Adult schistosomes are characteristically around 7 to 20 mm in length. Image 
taken by Dr Vaughan Southgate, © The Trustees of the Natural History Museum, London, reproduced with permission. 
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The remaining eggs – with the aid of their spines (Wharton, 1983) – penetrate into the small intestine (S. 
mansoni and S. japonicum) or the bladder (S. haematobium) and leave the body in the faeces or urine, 
respectively (Gryseels et al., 2006, Colley et al., 2014). One of these eggs is shown below in Figure 3. 
 
Figure 3: An S. mansoni egg containing a miracidium. Schistosome eggs such as this one are generally around 160 μm in 
length. Note the spine, which is used to rupture the blood vessel, to allow the egg to enter the intestine (S. haematobium eggs 
have a similar spine, but located on the end of the egg, which allows them to penetrate into the bladder). Image taken by Dr 
Aidan Emery, © The Trustees of the Natural History Museum, London, reproduced with permission. 
Eggs that enter freshwater bodies hatch, and each egg releases a miracidium; a non-feeding and short-lived stage 
approximately 160 μm in length (Sturrock, 2001) which seeks out the freshwater snails shown below in Figure 4 
(Biomphalaria spp. for S. mansoni, Bulinus spp. for S. haematobium, and Oncomelania spp. for S. japonicum). 
In the case of a Senegalese endemic community, it was estimated that one stool reaching freshwater might yield 
around 2,500 S. mansoni miracidia (Sow et al., 2008). 
 
Figure 4: The snail hosts of human schistosomes. From left to right: Bulinus spp., the intermediate host of S. 
haematobium, Biomphalaria spp., the intermediate host of S. mansoni, and Oncomelania spp., the intermediate host of S. 
japonicum. The Biomphalaria snail in the centre has a shell of diameter roughly 5 mm (Lewis et al., 2008). 
Miracidia attempt to infect snails by penetrating through any of their exposed soft parts, and those that succeed 
undergo asexual reproduction, starting with the development of primary sporocysts (Sturrock, 2001). Each 
primary sporocyst gives rise to many secondary sporocysts (40 to 600 in the case of S. mansoni), which migrate 




Figure 5: Cercaria of S. mansoni. Schistosome cercariae are around 0.5 mm in length. Image taken by Dr Aidan Emery, © 
The Trustees of the Natural History Museum, London, reproduced with permission. 
These cercariae – around 0.5 mm in length (Sturrock, 2001) – then leave the snail, re-entering the water. Around 
200 are released per day in the case of S. haematobium, 250 to 600 per day in S. mansoni (Ayad, 1974), and 
usually around 15 but occasionally up to around 160 per day in S. japonicum (Jordan and Webbe, 1982). Over 
time, one miracidium may divide into more than 20,000 schistosome cercariae (Ayad, 1974), demonstrating the 
non-linear relationship between water contamination and risk of infection. The prepatent period – the time 
between infection of a snail with a miracidium and the subsequent release of cercariae – is strongly dependent 
on temperature; it may be as fast as 17 days at optimal temperatures (between 30 and 35°C). At temperatures 
below 15°C, however, it may last many months (Sturrock, 2001).  
These cercariae seek out a definitive host, being guided by concentrations of skin chemicals such as L-arginine 
and oleic acid, turbulence, shadows, and temperatures (Haas, 1994, Curwen and Wilson, 2003, Lee et al., 2013). 
Like miracidia, cercariae are non-feeding and short-lived (Sturrock, 2001). Asch (1975) found no cercaria to 
live for longer than 26 hours.  
Schistosomes are unusual among water-related pathogens in that infection primarily occurs through dermal 
contact with (rather than ingestion of) infested water. Cercariae penetrate the skin of the definitive host by 
passing between cells in the surface layer (McKerrow and Salter, 2002). Once inside the definitive host, the 
cercaria takes three to six hours to transform into a schistosomulum (Sturrock, 2001). After 90 hours, most 
schistosomula have left the skin through a vein or, sometimes, a lymphatic vessel (Sturrock, 2001). 
Schistosomula are carried through the circulatory system to the liver, where they develop into adult 
schistosomes, a process that takes around four to five weeks in S. mansoni and S. japonicum, and six to seven in 
S. haematobium (Sturrock, 2001). The adult schistosomes then form male-female pairs, mate, and migrate 
through the circulatory system to the mesenteric (S. mansoni and S. japonicum), or perivesical (S. haematobium) 
venous plexus, thus completing the life cycle (Gryseels et al., 2006, Colley et al., 2014). 
Some estimates of parameters of schistosome transmission are summarised in Table 1. It should be noted that 
these figures can vary widely, as development of the free-living stages responds to differences in environmental 
conditions (Maldonado and Acosta-Matienzo, 1948, Maldonado et al., 1949), the number of eggs laid per 
female schistosome per day is highly variable and reduced in heavy infections (Medley and Anderson, 1985), 
and the intensity of transmission and thus R0 – the basic reproductive ratio; the ratio of populations of successive 
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generations of the parasite (Anderson and May, 1991) – varies between different settings, according to 
behavioural and environmental factors. 
Table 1: Some estimates of parameters of schistosome transmission. 
 S. mansoni S. haematobium S. japonicum Sources 
Eggs produced per 
day per female worm 250-550 500-1,500 Around 3,500 
(Moore and Sandground, 
1956, Ayad, 1974).  
Longevity of the eggs Less than 48 hours Over 24 hours Around 2-3 days 
(Maldonado et al., 1949, 
Ito, 1955, Matsunaga et 
al., 1987) 
Longevity of the 
miracidia 
Around 9 hours, around 
17 hours Around 17 hours 24-30 hours 
(Maldonado and Acosta-
Matienzo, 1948, Prah and 
James, 1977) 
Cercariae produced 
per snail per day Around 250-600 Around 200 
Usually around 15 but 
occasionally up to 
around 160 
(Ayad, 1974, Jordan and 
Webbe, 1982) 
Longevity of the 
cercariae Around 20 hours 
Around 10-30 hours, 
depending on 
temperature 
Up to around 48 hours 
(Ingalls, 1946, Wen, 
1961, Whitfield et al., 
2003) 
Life expectancy of the 
adult parasite 
Estimates of 3.4 and 6 
years 
Estimates have varied 
between 1.5 and 10 years Estimated as 4.52 years 
(Hairston, 1965, Fulford 
et al., 1995) 
Prepatent period in 
humans 4-5 weeks 6-7 weeks 4-5 weeks (Sturrock, 2001) 
Prepatent period in 
snails Between 17 and 45 days 
Between 25 and 119 
days Between 56 and 70 days 





Values between 1.064 
and 1.066 reported after 
control programmes, 
around 1 to 2, estimated 
as 1.03 
(Chan et al., 1995, 
Woolhouse et al., 1996, 
Chen et al., 2010, Seto 
and Carlton, 2010, Gao et 
al., 2013) 
1.1.2. Resistance to infection with schistosomes 
Prevalence and intensity of Schistosoma infection generally rise with age until the second decade of life, after 
which they gradually fall. This is thought to be due to a combination of declining exposure, acquired immunity, 
and physiological defences – for example, thicker skin in adults (Wilkins et al., 1984a, Anderson, 1987, Seto et 
al., 2007). Characteristic age-infection profiles for S. haematobium and S. mansoni are shown below in Figure 6, 
which, in common with many studies, enumerates intensity of infection in terms of the number of eggs per gram 
(EPG) of faeces (for S. mansoni or S. japonicum) and eggs per 10 ml of urine (for S. haematobium). These 
proxies for the number of worms harboured are frequently used since it is usually not practical to directly count 
the number of worms in a patient. In a study of autopsies, Cheever (1968) found EPG to correlate with worm 
burden in a nearly linear fashion – though he included few cases of heavy infection, and the relationship was 
found to be less reliable at high intensities. 
1.1.3. Morbidity arising from schistosome infections 
As mentioned above, most morbidity in schistosome infections results from immunological reactions to the eggs 
which remain trapped within the host. People infected with more worms will in general have reactions to more 
eggs, and therefore more severe disease.  
Intensity of infection in a given community usually follows the negative binomial distribution (Bradley and 
May, 1978), with most infected people having only light infections and thus few or even no symptoms (Gill and 




Figure 6: Characteristic age-prevalence and age-intensity profiles for A: S. haematobium and B: S. mansoni. 
Reproduced from (Colley et al., 2014) with permission, data from (King et al., 1988, DeStigter et al., 1989). 
Since adult worms lay eggs in the blood vessels, the circulation may carry them to different parts of the body. 
Symptoms depend on where these eggs go, and how the host’s immune system reacts to them. In S. mansoni and 
S. japonicum, eggs are carried to the spleen and liver where over time they can cause inflammation and 
eventually hepatomegaly (enlargement of the liver). The resulting increased pressure in the portal vein can then 
cause splenomegaly – an enlargement of the spleen (von Lichtenberg et al., 1987), and can lead to ascites 
(accumulation of fluid in the abdominal cavity), as shown in Figure 7, below. 
 
Figure 7: Ascites in advanced S. japonicum cases in the People’s Republic of China, 1959 (Chen, 2014). 
In S. haematobium, eggs give rise to lesions in the bladder. Their presence over many years is associated with an 
increased risk of bladder cancer (Rollinson, 2009, Gill and Beeching, 2011). Eggs may also be left throughout 
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the urogenital system, and lesions higher in the urogenital system are associated with sterility in women 
(Kjetland et al., 2010, Gill and Beeching, 2011). S. haematobium is also understood to increase the risk of HIV 
transmission, and to speed its progression to AIDS (Secor, 2012). 
Eggs of any schistosome species may reach the lungs, causing pulmonary hypertension (increased blood 
pressure in the blood vessels supplying the lungs), and eventually heart failure (Gill and Beeching, 2011). They 
occasionally encounter the central nervous system, where they may cause seizures and focal neurological 
deficits (Ferrari and Moreira, 2011). Schistosome infection is associated with increased risks of malnutrition and 
anaemia (King et al., 2005), and some studies suggest that infection is associated with cognitive impairment 
(Nokes et al., 1999, Jukes et al., 2002). Malnutrition caused by schistosome infection may impair physical 
development – Chen (2014) describes how prior to the Chinese schistosomiasis control programme, there 
existed ‘dwarf villages’ with many inhabitants of short stature, as a result of chronic schistosome infections. 
1.1.4. Burden of disease arising from schistosome infections 
It is estimated that around 291 million people are currently infected with schistosomes (Global Burden of 
Disease Study 2013 Collaborators et al., 2015). In addition to those infected, around 210 million more are 
estimated to suffer continuing symptoms resulting from past infections (Colley et al., 2014) – so perhaps around 
half a billion people suffer from schistosomiasis. These infections are thought to cause severe symptoms in 20 
million people worldwide (Chitsulo et al., 2000), and to cause as many as 380,000 deaths in Africa every year 
(van der Werf et al., 2003). In addition to those infected, 500 million more are at risk of infection, according to 
an analysis of the importance of water resources developments, such as dams and irrigation canals, in 
schistosome transmission (Steinmann et al., 2006).  
As may be seen from the above figures, relatively few schistosome infections result in death. However, a much 
larger proportion result in debilitating morbidity. Exact quantification of this morbidity is very difficult, being 
inherently subjective (people cannot directly compare their own morbidity with that of others), and highly 
dependent on the intensity and duration of infection, as well as factors related to the host’s immune system. 
King and Dangerfield-Cha (2008) estimate schistosomiasis to be responsible for 3 to 70 million lost disability-
adjusted life years (DALYs) annually. Elsewhere, King (2010) estimates that 13 to 15 million DALYs were lost 
to Schistosoma infection in 2004, while the latest Global Burden of Disease study estimates that schistosomiasis 
caused 3.1 (95% confidence interval, CI: 1.7 to 5.7) million DALYs in 2013 (GBD 2013 DALYs and HALE 
Collaborators et al., 2015). 
1.1.5. Geographical distributions of the schistosomes 
Schistosome transmission relies on a number of conditions being met: intermediate snail hosts must be present 
and social conditions must cause both human contact with, and input of human urine and faeces into, 
environmental water bodies such as streams, rivers, and lakes (Gryseels et al., 2006, Colley et al., 2014). 
Furthermore, conditions must allow for the survival of the free-living miracidia and cercariae, which are 
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vulnerable to many factors including temperature, salinity, pH, water mineral content, visible light, and 
ultraviolet radiation (Pietrock and Marcogliese, 2003). Finally, schistosomes must be introduced into an area 
before transmission may occur. 
Schistosomiasis prevalence can be highly focal, varying widely across small distances (Colley et al., 2014). 
However, broad endemic areas for schistosomiasis, where the climate allows for transmission, are shown below 
in Figure 8. S. mansoni is found in Africa, Latin America (particularly Brazil), and the Middle East. S. 
haematobium is found in Africa and the Middle East, and S. japonicum is found in East and Southeast Asia, in 
particular in the People’s Republic of China, the Philippines, and Indonesia. The majority (85%) of schistosome 
infections are thought to be in Africa (Chitsulo et al., 2000). 
 
Figure 8: Endemic areas for the main human schistosomes. Figure reproduced from (Colley et al., 2014) with 
permission, adapted from (Gryseels et al., 2006). 
1.1.6. Brief history of schistosome control 
Bilharz identified schistosomes as the cause of African schistosomiasis in 1852. However, it was only in 1915 
that Leiper differentiated between the two species causing African schistosomiasis (S. mansoni and S. 
haematobium), and elucidated their life cycles (Leiper, 1915b, Jordan, 2000). He recommended water treatment 
to kill cercariae, and environmental management to reduce snail habitats and thus populations. Meanwhile in 
Japan, Asiatic schistosomiasis caused by S. japonicum had been described in 1847. In 1918, the first treatment 
for schistosomiasis was discovered by Christopherson who found that tartar emetic would kill adult 
schistosomes (Jordan, 2000). However, the side effects were severe and sometimes fatal, so investigations 
continued into alternatives for the prevention of transmission and treatment of infections. Until the late 20th 
century, schistosomiasis control was focussed on snail control (with molluscicidal chemicals or environmental 
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modification) or improvement of living conditions (in particular, the provision of water supplies and sanitation), 
all of which disrupt the schistosome life cycle in stages outside of the definitive host – see, for example, WHO 
(1967).  
The drug praziquantel was discovered and subjected to clinical trials in the 1970s (Katz et al., 1979, Cioli and 
Pica-Mattoccia, 2003). It offered for the first time a safe and inexpensive treatment for all the human 
schistosomes (Doenhoff et al., 2008). It is also very efficacious, with Degu et al. (2002) estimating a cure rate of 
94% for S. mansoni. By killing adult schistosomes it stops egg production – thus halting the progression of 
disease and reducing transmission. Adult schistosomes’ natural lifespans are estimated to be around five to 10 
years (Fulford et al., 1995), so without chemotherapy, many infections would last for years even if all exposure 
was prevented. In 2007 the pharmaceutical company Merck Serono began to donate praziquantel to treat 
African children (Merck, 2014). Including logistical costs, Fenwick et al. (2009) estimate that annual 
deworming on a national scale costs less than US$ 0.50 per child. Preventive chemotherapy (PC) campaigns 
frequently focus on schoolchildren, since they are generally the most infected age group, their treatment can 
reduce chronic and heavy infections which would otherwise later cause morbidity, and since schools are a 
convenient platform for PC. The World Health Organization (WHO) recommends carrying out PC against 
schistosomiasis with a frequency depending on the local prevalence, as shown in Table 2: 
Table 2: Recommended frequencies of PC of school-age children for schistosomiasis (WHO, 2011). 
Category Prevalence of schistosomiasis among school-age children at baseline Control strategy - PC 
Schools in high-risk areas 
≥50% if based on parasitological 
methods or ≥30% if based on 
questionnaires for visible haematuria 
Treat all school-age children (enrolled 
and non-enrolled) once a year 
Schools in moderate-risk areas 
≥10% and <50% if based on 
parasitological methods or >1% and 
<30% if based on questionnaires for 
visible haematuria 
Treat all school-age children (enrolled 
and non-enrolled) once every two years 
Schools in low-risk areas ≥1% and <10% if based on parasitological methods 
Treat all school-age children (enrolled 
and non-enrolled) twice during their 
primary-school years (e.g. once on 
entry and once on exit) 
 
However, without improvements in environmental conditions, reinfection can occur shortly after treatment, 
necessitating periodic administration of praziquantel, every one or two years, depending on prevalence rates 
(Bruun and Aagaard-Hansen, 2008, Utzinger et al., 2009, WHO, 2011). It has been suggested that repeated use 
of praziquantel may cause schistosomes to evolve resistance to the drug (Wang et al., 2012). Furthermore, it is 
usually not possible to treat all cases at once, so there always remains a reservoir of infection – Utzinger et al. 
(2009) believe that this potential for reinfection renders chemotherapy-only interventions unsustainable. Those 
with the heaviest infections prior to PC generally acquire the heaviest reinfections afterwards – this 
predisposition to infection may result from ecological, nutritional, genetic, social, or behavioural factors 
(Tingley et al., 1988). While praziquantel is active against other trematodes and cestodes (Cioli and Pica-
Mattoccia, 2003), its effects are restricted to these groups of parasites, and it will do nothing to prevent the other 
parasitic, bacterial, viral, and protozoal infections that often exist alongside schistosomes. PC also carries risks 
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for the patient, and it is theoretically possible that treatment with praziquantel for schistosomiasis could 
exacerbate occult neurocysticercosis infections, giving rise to seizures (Prichard et al., 2012). 
Although the African schistosomes’ life cycles were first described in 1915, without an effective drug treatment, 
large-scale control of the disease did not seem feasible. Indeed, schistosomiasis is described as a neglected 
tropical disease (NTD) – one that disproportionately affects people of low socioeconomic status (SES) and has 
been the subject of relatively little research and control despite its large burden of disease (WHO, 2010). 
However, the discovery and subsequent donations of praziquantel have led to optimistic predictions for control 
of the disease, with the World Health Assembly (WHA) in May 2012 declaring elimination to be feasible in 
some member states (resolution WHA65.21). 
Most schistosomiasis control and research in recent decades has focussed on chemotherapy, with relatively little 
investigation of environmental approaches, to slow (re)infection and thus reinforce the impact of chemotherapy 
– despite the fact that the countries that were most successful at controlling schistosomiasis in the 20th century 
were those that saw rapid economic development and improvements in living conditions, including better access 
to water, sanitation, and hygiene (WASH) – examples include Japan (Tanaka and Tsuji, 1997), Mauritius 
(Dhunputh, 1994), the People’s Republic of China (McManus et al., 2010), and Tunisia (WHO, 2009). The past 
20 years have seen increasing calls for a more multisectoral and integrated approach to the control of 
schistosomiasis (Huang and Manderson, 1992, Hunter et al., 1993, Evans and Stephenson, 1995, Utzinger et al., 
2003, Huang and Manderson, 2005, Singer and de Castro, 2007, Utzinger et al., 2009, Spiegel et al., 2010, 
Utzinger et al., 2011, Anonymous, 2012, Gazzinelli et al., 2012, Prichard et al., 2012, Bockarie et al., 2013, 
Freeman et al., 2013b, WHO, 2013, Campbell et al., 2014, Secor, 2014, Nakagawa et al., 2015). Indeed, in the 
aforementioned resolution WHA65.21 to eliminate schistosomiasis from certain member states, the WHA 
advocated WASH and snail control as key control measures alongside PC. However, relatively few adequately 
powered studies have investigated the relationships between WASH and schistosomiasis. 
1.2. The soil-transmitted helminths (STHs) 
The soil-transmitted helminths (STHs) are another set of helminths that may infect humans, and cause another 
set of NTDs. Three STHs are of particular importance, due to the numbers of people infected and the fact that 
people are frequently coinfected with all three (Bethony et al., 2006). These are roundworm (Ascaris 
lumbricoides), whipworm (Trichuris trichiura), and the hookworms (Ancylostoma duodenale and Necator 
americanus) – throughout this thesis, STHs is used to refer to these four species of parasites. The eggs of the 
two hookworm species are extremely difficult or even impossible to distinguish from each other (Jozefzoon and 
Oostburg, 1994), and their transmission pathways are broadly the same, so hookworm infections are frequently 
diagnosed as such, rather than as A. duodenale or N. americanus. 
Additional reasons for considering A. lumbricoides, T. trichiura, and hookworms together are that they are all 
treated with the same anthelmintic dugs; albendazole and mebendazole (Bethony et al., 2006), and that, along 
with S. mansoni and S. japonicum, all may be diagnosed through the Kato-Katz method (Katz et al., 1972). 
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Indeed, co-infection with schistosomiasis and at least one STH species is common (Bethony et al., 2006, Hotez 
et al., 2008) – so the monitoring and control of the schistosomes and the STHs is frequently integrated (WHO, 
2011). 
1.2.1. Life cycles of the STHs 
The life cycles of A. lumbricoides, T. trichiura, and the hookworms are shown in Figures 9 to 11, below: 
 
Figure 9: The life cycle of A. lumbricoides. The adult worms live in the small intestine, and the females lay eggs that leave 
the host in the faeces. Eggs that have been fertilised by a male worm undergo embryonation in the soil. If they are 
swallowed, they hatch to release larvae, which penetrate the intestinal mucosa. They then travel through the circulation to the 
lungs. They are coughed up and swallowed, and subsequently travel to the small intestine and develop into adult worms. 
Adapted from (CDC, 2015). 
 
 
Figure 10: The life cycle of T. trichiura. Adult worms live in the large intestine, and eggs are passed in the faeces. Eggs 
undergo embryonation in the soil. Those eggs that are ingested subsequently hatch in the small intestine, and develop into 




Figure 11: The life cycle of the hookworms. Adult worms live in the small intestine, and the females lay eggs that are 
passed in the faeces. Under favourable conditions, the eggs develop through three larval stages. Third-stage larvae penetrate 
the skin of the human host, and are carried through the circulation to the lungs. They are coughed up, and swallowed. They 
pass through the gastrointestinal tract to the small intestine, where they mature into adults. A. duodenale larvae may also 
infect orally. Adapted from (CDC, 2013). 
Adults of all species live in the intestine (A. lumbricoides in the small intestine, T. trichiura in the caecum and 
colon, and the hookworms in the upper small intestine). A. lumbricoides, T. trichiura, N. americanus, and A. 
duodenale are around 150 to 400 mm, 30 to 50 mm, 7 to 13 mm, and 8 to 13 mm long, respectively (Bethony et 
al., 2006). The worms are shown in Figure 12, below. 
 
Figure 12: The STHs. A. lumbricoides female and male specimens (around 150 to 400 mm in length) are shown at the top 
left and top right, respectively, T. trichiura female and male (around 30 to 50 mm in length) at the middle left and middle 
right, respectively, and hookworm female and male (around 7 to 13 mm in length) at the bottom left and bottom right, 
respectively. Images from Despommier et al. (2005), arrangement from Bethony et al. (2006). Reproduced with permission. 
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The female worms lay eggs that leave the host in the faeces. Like the schistosomes, the STHs exhibit density-
dependent fecundity, each worm producing fewer eggs in heavy infections (Anderson and May, 1991, Walker et 
al., 2009). These eggs all vary in size, but have lengths on the scale of tens of microns (Foster, 1914, Yoshikawa 
et al., 1989, Brooker et al., 2004). Some specimens are shown in Figure 13, below: 
 
Figure 13: The STH eggs. From top to bottom: A. lumbricoides, T. trichiura, and hookworm. Eggs of all species are tens of 
microns in length. Images from Despommier et al. (2005), arrangement from Bethony et al. (2006). Reproduced with 
permission. 
Infection with A. lumbricoides and T. trichiura occurs when these eggs are ingested, while most hookworm 
infections result from dermal penetration of larvae that hatch from the eggs – though A. duodenale eggs are also 
orally infective (Bethony et al., 2006). Following infection, A. lumbricoides and hookworm larvae pass through 
the intestinal mucosa, circulation, and lungs, before being coughed up and swallowed, and making their way 
back to the intestine. T. trichiura larvae, on the other hand, do not – they are simply ingested and move through 
the gastrointestinal tract to the caecum or colon (Bethony et al., 2006). 
Some animals may carry STH infections and pass viable eggs, but animals are not thought to contribute greatly 
to transmission of these parasites (in contrast to S. japonicum). A. lumbricoides is capable of infecting animals 
such as dogs (Shalaby et al., 2010), and pigs – indeed, Leles et al. (2012) questioned whether Ascaris suum, a 
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related parasite that primarily infects pigs, is actually synonymous with A. lumbricoides. T. trichiura can infect 
primates such as colobus monkeys (Cutillas et al., 2009) and N. americanus can sometimes develop to 
adulthood in hamsters (Brooker et al., 2004). While A. lumbricoides eggs can also hatch in mice, rats, guinea 
pigs, rabbits, cattle, sheep, and goats, the worms cannot develop to adulthood in these hosts (Anderson, 1992). 
The STH genera contain animal parasites such as Ascaris hippopotami, Ascaris joffi, Ascaris ovis, Trichuris 
muris, Trichuris ovis, Trichuris skrjabini, Trichuris suis, Trichuris vulpis, Ancylostoma braziliense, 
Ancylostoma caninum, Ancylostoma ceylanicum, and Ancylostoma tubaeforme (Anderson, 1992), some of 
which can parasitize humans (Crompton, 2001, Brooker et al., 2004, Leles et al., 2012). 
While the STHs (and in particular, A. lumbricoides and T. trichiura) have similar pathways of transmission, 
there are a few differences in their parameters of transmission dynamics. Some estimates of these parameters are 
summarised below, in Table 3. As with Table 1, these are estimates and in practice the numbers can vary widely 
as a result of factors such as density-dependent changes in fecundity (Anderson and May, 1991, Walker et al., 
2009) and the suitability of environmental conditions for egg development (Brown, 1927, Brown, 1928, 
Chandler, 1929, Mabaso et al., 2003, Brooker et al., 2004). 
Table 3: Some estimates of parameters of STH transmission. 
 A. lumbricoides T. trichiura Hookworm Sources 
Eggs produced 









Longevity of the 
eggs/larvae 
Sometimes up to around 5 






of the adult 
parasite 




in humans About 9-11 weeks About 5-9 weeks About 12 weeks 
(Bethony et 
al., 2006) 
Time needed for 
eggs/larvae to 
become infective 
At least 8-10 days At least 12-15 days Around 7 days 





Estimates have varied 
between 1-1.8 and 4.3 for 
different settings 
Estimates of 4-6 
and 8-10 in 
different settings 
Estimates of 1.5 




1.2.2. Resistance to infection with STHs 
As with the schistosomes, the STHs have characteristic age-intensity profiles, resulting from exposure combined 
with immune responses to infection – for example, it is likely that many migrating A. lumbricoides larvae are 
killed before they can develop into adult worms (Crompton, 2001). These characteristic age-intensity profiles 
are shown, along with characteristic age-prevalence profiles, in Figure 14. A. lumbricoides and T. trichiura, in 
common with the schistosomes, increase in intensity throughout the first one to two decades of life, and then 
 31 
 
gradually decrease in intensity. Hookworm, however, continues to increase in intensity throughout life. The 
reason for this is not known (Hotez et al., 2005). 
 
Figure 14: Characteristic age-prevalence and age-intensity profiles for the STHs. Colours indicate age groups. A. 
lumbricoides and T. trichiura intensities naturally fall with age after the second decade of the life, while hookworm 
intensities continue to rise with age. Figure reproduced from (Truscott et al., 2014), data from (Thein et al., 1984, Bundy et 
al., 1987, Pullan et al., 2010). 
In addition to its age, the ability of a host to mount an immune response is also dependent on its nutritional 
status – for example, deficiencies in vitamin A have been found to lower pigs’ resistance to A. lumbricoides and 
A. suum, and iron-free diets to lower dogs’ and cats’ resistance to A. caninum, and to even allow infection of 
dogs with N. americanus – this parasite does not usually infect dogs (Lapage, 1937). 
1.2.3. Morbidity arising from STHs infections 
In contrast to the schistosomes, morbidity arising from STH infections is mostly due to the adult worms, rather 
than the eggs (Bethony et al., 2006). However, as with schistosomes, STHs cause a wide variety of symptoms. 
Disease is generally more severe in heavier infections and where nutrition is poor, while light infections are 
frequently asymptomatic (Bethony et al., 2006). 
It has been estimated that 85 to 92% of A. lumbricoides infections are asymptomatic (Dold and Holland, 2011). 
That said, much of the morbidity they cause consists of malnutrition that leads to weakness and physical and 
cognitive growth deficits – these are subtle, difficult to measure, and may be caused or exacerbated by other 
factors such as diet and other infections (Dold and Holland, 2011, Knopp et al., 2012). Very heavy A. 
lumbricoides infections – cases of infection with over 1,800 worms have been reported (Baird et al., 1986) – 
may cause intestinal obstruction, which can lead to death (Baird et al., 1986, de Silva et al., 1997b). Abdominal 
pain, nausea, anorexia, and diarrhoea are frequently seen in those infected, while biliary and pancreatic 
ascariasis (the presence of worms in the bile duct and pancreas), appendicitis, and abdominal distension may 
also result from infection (de Silva et al., 1997a, Dold and Holland, 2011). Lung inflammation, difficulty in 




Since T. trichiura larvae do not migrate through the lungs or circulation, lesions arising from this parasite are 
limited to the intestine (Bundy and Cooper, 1989). However, intense and chronic infections – heavily infected 
people may harbour hundreds to thousands of adult worms (Ok et al., 2009) – can result in diarrhoea, nausea, 
vomiting, colitis, anaemia, finger clubbing, growth deficits, chronic dysentery, and rectal prolapse (Briscoe, 
1957, Bundy and Cooper, 1989, Knopp et al., 2012). 
As with A. lumbricoides, hookworm larvae pass through the lungs and in doing so can cause cough and sore 
throat, and occasionally, pneumonitis (Hotez et al., 2004). However, the bulk of hookworm-induced morbidity 
is anaemia caused by the adult worms consuming blood from capillaries and arterioles surrounding the intestines 
(Hotez et al., 2004). A. duodenale worms consume more blood than do N. americanus, and this anaemia is most 
pronounced in children and women of reproductive age (Knopp et al., 2012). As with the other STHs, morbidity 
is generally more serious in heavier hookworm infections, which may comprise hundreds, or in extreme cases, 
thousands of worms (Schapiro and Nauck, 1931). 
1.2.4. Burden of disease arising from STH infections 
Hotez et al. (2014), in an analysis of data from the Global Burden of Disease study of 2010, estimated that 819 
million (95% CI: 772 to 829 million), 465 million (95% CI: 430 to 508 million), and 439 million (95% CI: 406 
to 480 million) people were infected with A. lumbricoides, T. trichiura, and hookworm, respectively. It was 
estimated that around 1.45 billion people were infected with an intestinal nematode in 2010, and 41% of these 
people were in India or the People’s Republic of China (Pullan et al., 2014b). STHs were estimated to cause a 
total of 5.18 million DALYs in 2010 (1.31 contributed by A. lumbricoides, 0.86 million by T. trichiura, and 3.93 
by hookworm). As with the schistosomes, the STHs result in the death of a small proportion of their hosts. 
However, due to the large numbers infected, the number of people killed by STHs annually is still in the 
thousands – estimates have varied from 12,000 to 135,000 (Bethony et al., 2006). 
1.2.5. Geographical distributions of the STHs 
The STHs have much less focal spatial distributions than the schistosomes, which is mainly due to the fact that 
their transmission does not require the involvement of intermediate host snails. While warm temperatures and 
adequate moisture are needed for larval development, tropical conditions are not required – and transmission of 
the parasites used to take place in parts of Europe (Bundy and Cooper, 1989, Pullan and Brooker, 2012). The 
parasites are currently prevalent throughout Latin America, Africa, and Asia, as may be seen in the maps 
generated by Pullan et al. (2014b) in an analysis of data from the Global Burden of Disease study of 2010 – 
these maps are presented in Figure 15. 
1.2.6. Brief history of STH control 
A. lumbricoides and T. trichiura were classified as nematodes by Linnaeus in 1758 and 1771, respectively, 
while A. duodenale and N. americanus were classified as nematodes by Dubini in 1843 and by Stiles in 1902, 
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respectively (Despommier et al., 2005). However, understanding of their life cycles took longer to cultivate – 
for A. lumbricoides this knowledge developed throughout the late 19th and early 20th centuries (Anderson, 1992), 
while in 1886, Calandruccio verified the route of transmission of T. trichiura by ingesting viable eggs (Grove, 
1990). The life cycles of the hookworms were revealed by different workers in the early 20th century (Brooker et 
al., 2004). 
 
Figure 15: Estimated national prevalences of the STHs (A: hookworm, B: A. lumbricoides, and C: T. trichiura). These 
maps were taken from (Pullan et al., 2014b). 
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In the early 20th century, STH control was not generally deemed a public health priority. However, heavy 
hookworm infections were taken more seriously due their resultant anaemia (Horton, 2003, Brooker et al., 
2004). As with the schistosomes, early drugs against hookworm were toxic and therefore not suitable for PC 
(Horton, 2003). 
In 1909 to 1914, the Rockefeller Sanitary Commission for the Eradication of Hookworm Disease implemented 
control programmes in the American South, with a view to reducing anaemia and improving productivity 
(Boccaccio, 1972). The programmes consisted of selective chemotherapy with thymol (an ‘uncomfortable’ 
treatment which occasionally resulted in fatal allergic reactions), and latrine construction (Boccaccio, 1972). 
Although hookworms were not eliminated from the region, infection rates were substantially reduced, and 
school attendance rates were improved (Bleakley, 2007). 
Little progress in chemotherapy of the STHs was made in the following decades, but some countries such as 
Japan did achieve significant control with sanitation alone (Horton, 2003). More anthelmintic drugs became 
available from 1949 onwards, starting with piperazine, active against A. lumbricoides. In 1975, mebendazole, 
and then in 1980, albendazole, became available – both drugs are active against all three STHs (Horton, 2003). 
The history of national-scale STH control programmes mirrors that of drug development; the 1950s saw some 
countries implementing control programmes against A. lumbricoides, but only in 1975 (in Japan) was a major 
programme implemented against all STHs (Bundy and Cooper, 1989). Recent years have seen the expansion of 
such national-level PC programmes (Fenwick et al., 2009, Prichard et al., 2012). As with schistosomiasis, WHO 
recommends controlling STH infections in school-age children with PC as the main intervention, with treatment 
frequencies depending on the local prevalence (see Table 4). 
Table 4: Recommended frequencies of PC of school-age children for STHs (WHO, 2011).
Category Prevalence of any STH infection at baseline Control strategy - PC 
Schools in high-risk areas ≥50% 
Treat all school-age children 
(enrolled and non-enrolled) 
twice a year 
Schools in low-risk areas ≥20% and <50% 
Treat all school-age children 
(enrolled and non-enrolled)  
once a year 
The benzimidazoles (albendazole and mebendazole) are fairly efficacious against the STHs. It has been 
estimated that mebendazole leads to an average faecal egg count reduction of 97.6% (95% CI: 95.8 to 99.5%) 
for A. lumbricoides, 79.6% (95% CI: 71.0 to 88.3%) for hookworm, and 63.1% (95% CI: 51.6 to 74.6%) for T. 
trichiura (Levecke et al., 2014). For albendazole, these figures have been estimated as 99.9% (95% CI: 99.0 to 
100%) for A. lumbricoides, 96.2% (95% CI: 91.1 to 100%) for hookworm, and 64.5% (95% CI: 44.4 to 84.7%) 
for T. trichiura (Vercruysse et al., 2011b, Levecke et al., 2014). These numbers reflect that PC has a quick and 
pronounced effect on worm burdens, and therefore on the prevention of morbidity and transmission. 
However, particularly in the case of T. trichiura, treatment frequently fails to kill all worms of an infection. 
Perhaps more importantly, reinfection may occur shortly after treatment (Jia et al., 2012), and as with 
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schistosomiasis, those harbouring the most worms prior to PC tend to regain the heaviest infections afterwards 
(Hotez et al., 2006). Furthermore, use of these drugs against parasites in livestock has evoked resistance, 
suggesting that their use in PC programmes for humans may have similar effects (Vercruysse et al., 2011a). 
In common with schistosomiasis, recent years have seen increasing calls for the integration of WASH into STH 
control, on the basis that it should reduce reinfection following chemotherapy (Hunter et al., 1993, Evans and 
Stephenson, 1995, Singer and de Castro, 2007, Utzinger et al., 2009, Spiegel et al., 2010, Anonymous, 2012, 
Gazzinelli et al., 2012, Prichard et al., 2012, Bockarie et al., 2013, Freeman et al., 2013b, WHO, 2013, 
Campbell et al., 2014, Clasen et al., 2014, Nakagawa et al., 2015). However, relatively few studies have 
analysed large datasets to compare WASH with STH infection – though the recent meta-analyses by 
Ziegelbauer et al. (2012) and Strunz et al. (2014) have compiled many datasets to compare WASH and STH 
infection.  
1.3. Water, sanitation, and hygiene (WASH) 
1.3.1. The importance of WASH 
WASH is understood to be important for the control of many infectious diseases. ‘Water’ refers to domestic 
water supplies – particularly clean drinking water, but also water for other purposes such as cooking, bathing, 
and the washing of clothes and household items. ‘Sanitation’ refers to the safe disposal of waste, in particular 
excreta: that is, urine and faeces. ‘Hygiene’ refers to other practices conducive to good health, such as washing 
hands with soap following defecation. In this thesis, hygiene is used to refer to soap use during water contact in 
the context of schistosome control, and to handwashing with soap following defecation in the context of STH 
control. 
Mara and Feachem (1999) classify water- and excreta-related diseases according to their mode of transmission, 
as: faeco-oral waterborne and water washed diseases, non-faeco-oral water-washed diseases, geohelminthiases 
(caused by the STHs), taeniases, water-based diseases (including schistosomiasis), insect-vector diseases, and 
rodent-vector diseases. This reflects the variety of mechanisms through which water and sanitation may prevent 
the transmission of many different pathogens. Some may be ingested due to inadequate drinking water or 
sanitation, the transmission of others may be exacerbated by inadequate washing due to a lack of water for 
hygiene, and the transmission of yet more may be worsened by the presence of water open to the environment, 
since this is often an important factor in determining suitable habitats for disease vectors, carriers, and 
intermediate hosts such as insects, rodents, and snails. 
Furthermore, hygiene may help to reduce disease by removing pathogens from the hands and face, thus 
preventing infection. Curtis and Cairncross (2003) found washing hands with soap to significantly reduce the 
risk of diarrhoeal disease, while Stocks et al. (2014) found a number of hygiene indicators to be associated with 




Figure 16: The four F's diagram. Water, sanitation, and hygiene act in different ways to reduce the transmission of faeco-
oral disease agents from faeces to a future victim. 
The relationship between WASH and faeco-oral disease transmission is often visualised in the four F’s diagram 
(shown in Figure 16), which demonstrates the many impacts that WASH may have. 
1.3.2. Burden of disease due to inadequate WASH 
Given its important relationships with so many prevalent diseases, inadequate WASH is responsible for a large 
disease burden. Prüss et al. (2002) estimated inadequate WASH to be responsible for 5.7% of the total global 
burden in DALYs, and 4.0% of deaths. Most of this disease burden is caused by faecal-oral bacterial, viral, and 
protozoal infections that could be prevented with adequate WASH (5.3% of the total burden and 3.9% of the 
total deaths). 
1.3.3. Definitions of WASH 
The definition of ‘adequate’ WASH is open to interpretation. WASH has benefits beyond disease control: by 
saving time, water supplies enable people to engage in other activities (Cairncross and Cliff, 1987), sanitation 
provides dignity (Cairncross et al., 2010), and school water and especially sanitation may be important 
determinants of attendance, particularly among girls (McMahon et al., 2011). 
From a public health perspective, however, adequate WASH is that which prevents the transmission of the 
water- and excreta-related diseases described above. Global water and sanitation coverage is monitored by the 
WHO and United Nations Children’s Fund (UNICEF) Joint Monitoring Programme (JMP) for Water and 
Sanitation. In order to simplify WASH assessments and to allow for comparison of data, the JMP has defined a 
set of water sources and sanitation types that may be considered ‘improved’, as well as water and sanitation 
ladders that describe a hierarchy of improving forms of WASH (Table 5). 
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In this way, the JMP advocates that water and sanitation should be improved by moving down the sanitation and 
drinking water ‘ladders’, but it also provides a simplified set of definitions of particularly harmful (unimproved) 
forms of water source and sanitation.  
Table 5: Improved and unimproved forms of drinking water and sanitation, and the drinking water and sanitation 
















 Surface drinking water sources: River, dam, 












Open defecation: When human faeces are disposed 
of in fields, forests, bushes, open bodies of water, 
beaches or other open spaces, or are disposed of 
with solid waste. 
Unimproved drinking water sources: 
Unprotected dug well, unprotected spring, cart 
with small tank/drum, bottled water. 
Unimproved sanitation facilities: do not ensure 
hygienic separation of human excreta from human 
contact. Unimproved facilities include pit latrines 















Other improved drinking water sources: 
Public taps or standpipes, tube wells or boreholes, 
protected dug wells, protected springs, rainwater 
collection. 
Shared sanitation facilities: Sanitation facilities of 
an otherwise acceptable type shared between two or 
more households. Only facilities that are not shared 
or not public are considered improved. 
Piped water on premises: Piped household 
water connection located inside the user’s 










Improved sanitation facilities: are likely to ensure 
hygienic separation of human excreta from human 
contact. They include the following: 
− Flush/pour flush to: piped sewer system, 
septic tank, pit latrine 
− Ventilated improved pit (VIP) latrine 
− Pit latrine with slab 
− Composting toilet 
Drinking water ladder Sanitation ladder 
1.3.4. The global distributions of inadequate WASH 
WASH conditions are inadequate in large parts of low- and middle-income countries where schistosomiasis and 
STHs are endemic (Gryseels et al., 2006, Colley et al., 2014, Pullan et al., 2014a, Pullan et al., 2014b, WHO 
and UNICEF, 2015). This may be seen by comparing the national proportions of people with access to improved 
drinking water and sanitation (in Figures 17 and 18, respectively) with the map of schistosomiasis endemic areas 
(Figure 8) and the maps of national-level STH prevalences (Figure 15). 
1.3.5. Priorities in WASH interventions 
Since most of the WASH-related fraction of global morbidity is caused by bacterial, viral, and protozoal 
infections, most WASH interventions in developing countries are generally targeted at the control of these 
diarrhoeal diseases. There is usually a focus on the faeco-oral transmission pathway and interventions primarily 
focus on water for drinking and handwashing, soap for handwashing, and adequate sanitation to contain faeces. 
Indeed, the most recent report from the JMP refers primarily to water for drinking rather than for other purposes 
(WHO and UNICEF, 2015). Control of the other water-related diseases is seen as a lower priority, to be tackled 
later, in steps further down the water and sanitation ladders (Table 5). Current interventions might therefore be 
suitable for the control of STHs (A. lumbricoides and T. trichiura in particular) but may do little to interrupt 
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schistosome transmission. That said, increasing attention is being paid to finding the most effective WASH 
interventions for the various NTDs (WHO, 2015). 
 
 
Figure 17: Proportions of national populations using improved drinking water sources in 2015. © WHO and UNICEF, 






Figure 18: Proportions of national populations using improved sanitation in 2015. © WHO and UNICEF, reproduced 
with permission from (WHO and UNICEF, 2015). 
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1.3.6. WASH and the schistosomes 
In contrast to many other water- and excreta-related diseases where improvements to water supply focus on 
preventing ingestion of contaminated water (Mara and Feachem, 1999), since schistosomes infect people by 
passing through intact skin, the success of water supply improvements in preventing schistosome infection 
depends on the prevention of water contact. Moreover, the parasite stages in the excreta (Schistosoma eggs that 
release miracidia) do not pose a direct threat to humans, being infective only to intermediate host snails, which, 
some weeks after infection, begin to release cercariae – the stage infective to humans. Therefore, the role of 
sanitation in schistosomiasis control is to prevent the contamination of freshwater with excreta, rather than to 
prevent the ingestion of faecal pathogens. Since the parasite stages in the excreta cannot directly infect people, 
hand washing following defecation or urination will not affect schistosome transmission – instead the role of 
soap in schistosomiasis control is to reduce the infectivity of cercariae which might otherwise infect people 
during contact with freshwater, and perhaps to reduce the infectivity of miracidia, and reduce snail numbers 
(Okwuosa and Osuala, 1993, Birrie et al., 1998). 
Water supplies for schistosomiasis control should provide for as many activities causing dermal contact with 
infested water as possible. Working in Coast Province, Kenya, Noda et al. (1997) found water contact to occur 
primarily during bathing, washing of clothes and household utensils, drinking, fishing, and recreation. With the 
exception of fishing, water supplies could play a role in removing all these activities from schistosome-infested 
environmental water bodies. 
 
Figure 19: How WASH might reduce schistosome transmission. A: Soaps and endod (a natural soap substitute) are toxic 
to snails, miracidia, and cercariae. Their use during water contact should therefore kill snails and kill or reduce the infectivity 
of miracidia and cercariae. B: Sanitation should contain the miracidia (liberated from eggs in the urine/faeces) and prevent 
infection of snails. C: Water supplies should reduce human contact with environmental water bodies. This should reduce 








Urine and faeces only pose a risk of transmission of schistosomes if they enter fresh water containing host snails 
– open defecation away from water bodies cannot contribute to schistosome transmission due to the failure of 
these eggs to hatch, and their rapid subsequent deaths (egg survival is very climate-dependant, but Maldonado et 
al. (1949) found that of eggs left on the roof of a building for 48 hours, none hatched upon subsequent 
immersion in water, and Maldonado and Acosta-Matienzo (1948) found no S. mansoni miracidium to live 
beyond nine hours). 
Finally, soap cannot have any impact except when it is used in water containing snails, miracidia, and/or 
cercariae – in contrast to diarrhoeal disease control, where handwashing following defecation, and before food 
preparation and eating is emphasised. Thus WASH for schistosomiasis control has some important differences 
with WASH designed for diarrhoeal disease control. The ways that WASH might disrupt schistosome 
transmission are shown above in Figure 19. 
1.3.7. WASH and the STHs 
The relationships between the STHs and WASH are more straightforward than those between schistosomiasis 
and WASH, since the STHs have no intermediate hosts, and since infection occurs through ingestion of the eggs 
(A. lumbricoides, T. trichiura, and sometimes A. duodenale) or through dermal contact with larvae on the 
ground (hookworms). WASH interventions therefore generally aim to break the STH life cycles in the same 
place: after the eggs leave the host in the faeces, and before they cause infection through ingestion or dermal 
contact with the larvae. 
WASH for STH control therefore focuses on the containment of eggs in the faeces, through the provision of 
sanitation and the promotion of handwashing to remove any eggs that the hands may have come into contact 
with (Freeman et al., 2013b). STH eggs are not immediately infective, needing time of the order of days to 
embyonate and become so (Knopp et al., 2012). An infected person is therefore unlikely to become 
superinfected by ingesting eggs he or she has just excreted. However, when visiting a latrine or an area in the 
school used for defecation, he or she might touch the ground or walls, thus picking up and later potentially 
ingesting embryonated eggs previously left there. Washing the hands after visiting these areas might serve to 
remove these eggs and thus to prevent infection. Drinking water is unlikely to be a significant source of STH 
eggs and larvae, since a major presence of faeces in such water would likely be noticeable, and since the eggs 
need time in the soil to develop and become infective. However, water supplies may be important for 
handwashing, or for the maintenance of sanitation. 
1.4. Thesis structure 
The following chapters present the methodologies, results, and discussions of research undertaken towards this 
PhD. The research aim and objectives are stated in Chapter 2. Chapter 3 contains the research methods 
undertaken: the systematic review of schistosome infection rates in people with and without access to safe water 
and adequate sanitation (Section 3.1), the qualitative review of the relationships between WASH and 
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schistosome transmission (Section 3.2), the development of questionnaires to assess school-, household-, and 
individual-level WASH variables (Section 3.3), the application of these surveys to a 30-school survey in 
southern Ethiopia (Section 3.4), and the integration of the school WASH questionnaire into a national helminths 
mapping programme in Ethiopia (methods presented in Section 3.5). The results and discussion of the 
systematic review, the qualitative review, and the results and discussions of the 30 schools survey and the 
national mapping are presented in Chapters 4, 5, 6, and 7. Chapter 8 is an overall discussion of all the findings 
from the various research methods, and their interpretation. Conclusions and recommendations are drawn in 
Chapter 9, while the references and appendices are presented at the end of the thesis. 
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Chapter 2. Research aim and objectives 
The aim of this project was to examine the relationship between WASH, human schistosomes, and STHs, to 
explore whether WASH might reduce transmission of these parasites and inform WASH implementation for 
future control of these parasites. 
The objectives were to answer the following questions: 
1. Do people with access to water and sanitation at home have lower odds of schistosome infection? If 
not, why not? 
2. Does WASH disrupt the causal pathways of schistosome transmission? If not, why not? 
3. Do children with latrines at home have lower odds of helminth infection? If not, why not? 
4. Do schools with better water, sanitation, and hygiene have students with lower rates of helminth 
infection? If not, why not? 
5. What lessons can be drawn for future WASH interventions in areas endemic for schistosomiasis and 
other helminth infections? 
The research was divided into four projects to address these separate questions:  
1. A systematic review and meta-analysis of odds of schistosome infection according to access to water 
and sanitation 
2. A qualitative literature review of how WASH might disrupt the causal pathways of schistosome 
transmission 
3. A WASH and helminth survey in and around 30 schools in Southern Ethiopia 
4. A national mapping of WASH, schistosomes, and STHs in 1,645 schools throughout Ethiopia 
Each of these projects had sub-objectives, which are detailed in the subsequent sections. 
2.1. Sub-objectives for the systematic review and meta-analysis of odds of 
schistosome infection according to access to water and sanitation 
The objectives of this research activity were to answer the following questions: 
1. Which studies provide infection rates in people with and without access to better water and sanitation? 
2. Does a meta-analysis of data from these studies show that people with access to better water and 
sanitation have lower schistosome infection rates? 
3. Do factors such as age of participants, schistosome species, continent, and location and type of water 
and sanitation appear to affect their impact on schistosome transmission? 
4. Are these meta-analyses strongly sensitive to the removal of individual studies? 
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5. Is there a risk of publication bias (the possibility that studies finding no significant difference in 
infection rates, or even higher infection rates in people with access to the better water or sanitation of 
interest, are less likely to be published)? 
2.2. Sub-objectives for the qualitative literature review of how WASH might 
disrupt the causal pathways of schistosome transmission 
The objectives of this research activity were to gather evidence from the literature to answer the following 
questions: 
1. What is the nature of the schistosome life cycles, and what are the implications for their disruption with 
WASH? 
2. Do people with more contact with infested water suffer heavier schistosome infections? 
3. Which factors affect the ability of water supplies to prevent such contact with infested water? 
4. What effect might sanitation provision have on miracidial environmental contamination, and what 
might the effects be on overall schistosome transmission? 
5. How might soap use during water contact disrupt schistosome transmission? 
2.3. Sub-objectives for the WASH and helminth survey in and around 30 
schools in Southern Ethiopia 
The objectives of this research activity were to develop surveys to assess helminth-related school-, household-, 
and student-level WASH indicators, and to answer the following questions: 
1. Do they allow for the objective assessment of water and sanitation facilities and practices? 
2. How does odds of helminth infection vary with certain child- and household-level sanitation 
indicators? 
2.4. Sub-objectives for the national mapping of WASH and helminths in 
Ethiopia 
The objectives of this research activity were to answer the following questions: 
1. Do Ethiopian schools with school-level water practices causing less exposure to open water bodies 
(rivers and lakes) have lower intensities of schistosome infection? 
2. Do Ethiopian schools with more adequate sanitation have lower intensities of infection with 
schistosomes and STHs? 
3. Do Ethiopian schools with more adequate hygiene (that is, soap or ash, water, and basins for 
handwashing following defecation) have lower intensities of STH infection? 
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Chapter 3. Research methods 
3.1. Methodology for the systematic review and meta-analysis of the 
relationships between water, sanitation, and schistosome infection 
The results of studies comparing access to water and sanitation with odds of schistosome infection had not 
previously been aggregated in a systematic manner (although a previous review by Esrey et al. (1991) did 
identify four rigorous studies comparing schistosome infection rates with access to clean water, with a median 
reduction in schistosome morbidity for people with access to improved water supplies of 77%). The motivation 
of this work was to update this review, applying standardised meta-analysis guidelines and including more 
literature databases. Presented below is the methodology employed in this systematic review and meta-analysis. 
3.1.1. Search strategy 
This systematic review and meta-analysis was conducted to summarise the results of studies comparing 
Schistosoma infection rates in people with and without access to (defined as the availability or use of) safe 
water, adequate sanitation, and good hygiene, according to the ‘Meta-analysis Of Observational Studies in 
Epidemiology’ (MOOSE) guidelines (Stroup et al., 2000), and the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses’ (PRISMA) statement (Moher et al., 2009).  
PubMed, Web of Science, Embase, and the Cochrane Library were systematically searched from inception to 31 
December 2013. Two sets of search terms were developed: one for the diseases, and one for WASH. Search 
terms were combined as follows, such that each WASH term would be searched in conjunction with each 
disease term: (schistosomiasis or schistosome or schistosoma or bilharzia or bilharziasis or snail fever) and 
(water or borehole or standpipe or rainwater or sanitation or sanitary engineering or latrine or toilet or pit or 
open defecation or open urination or shower or laundry or hygiene or detergent or soap or risk factor). Medical 
Subject Headings (MeSH) terms were not used since some WASH MeSH terms had been introduced only 
recently, and hence, relevant literature might have been missed during our search. 
The bibliographies of previous reviews pertaining to WASH and other NTDs were also scanned (Esrey et al., 
1991, Ziegelbauer et al., 2012, Stocks et al., 2014, Strunz et al., 2014). Additionally, when any study under 
consideration cited another which appeared to provide relevant evidence, the second study was eligible for 
inclusion. If a study demonstrated that eligible data had been collected but not reported, the authors were 
contacted and kindly asked to provide the data for further analysis. 
3.1.2. Definitions used in the meta-analysis 
The standardised ‘improved’ water and sanitation definitions, developed by the JMP (WHO and UNICEF, 
2015), were rarely used in the literature. Furthermore, studies seldom distinguished reliably between availability 
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and use of WASH. Therefore, the categories of WASH ‘availability’ and ‘use’ were combined to form the 
category of ‘access to’. 
Safe water sources were those whose water would not be expected to contain cercariae. They included those 
described as ‘closed’ rather than ‘open’, ‘piped water’, ‘drinking water’ or ‘cistern’ in the home, ‘clean’ rather 
than ‘river or lake’, ‘adequate’, ‘public supplies’, ‘treated’, or ‘safe’. ‘Wells’ were considered to be safe water 
sources, except in Brazil, where they often consisted of pond-like water bodies, in contrast to the hand-dug wells 
in sub-Saharan Africa that are unlikely to contain snails or allow for water contact (Kloos et al., 2012). The 
category of ‘non-use of water from ponds or irrigation wells’ was also included on the assumption that it refers 
to the water used for most or all domestic water needs. However, studies reporting use of different water sources 
for different activities were not included in the meta-analysis since they are not readily comparable. 
Adequate forms of sanitation were those that should not allow excreta to enter freshwater. They included ‘(pit) 
latrine’, ‘flush toilet’, ‘sewer connection’ or ‘sewerage’, ‘cesspool’, or ‘septic tank’. Most studies did not 
indicate where this sanitation drained to. Use of soap during water contact was considered a ‘good’ hygiene 
practice. 
Schistosome infections were defined as the presence of eggs in the urine (S. haematobium) or the faeces (other 
species). Studies on any species of human schistosome were eligible for inclusion. 
3.1.3. Study selection and data extraction 
Odds ratios (ORs) with 95% CIs for prevalence of Schistosoma infection according to availability of WASH 
were used as summary measures in all meta-analyses. Any paper reporting these directly, or providing data from 
which an OR with a 95% CI could be calculated (for instance 2×2 tables of numbers of people infected and not 
infected amongst those with and without access to safe water, adequate sanitation, or good hygiene, or 
sensitivities, specificities, and positive predictive values of these as diagnostics of Schistosoma infection), was 
eligible for inclusion. The searches were carried out without restrictions on language or year of publication. 
Studies returned by the searches were screened independently by two assessors (Jack Grimes, JETG and David 
Croll, DC), and disagreements were discussed until consensus was reached. First, the duplicates were removed. 
Next, titles, and then abstracts (of the remaining papers; if available) were reviewed in order to exclude papers 
whose titles or abstracts revealed that they were definitely not about WASH, not about human schistosomiasis, 
or did not contain data that would qualify for inclusion in the meta-analysis. Papers without abstracts, or where 
abstracts were not available, were reviewed in full. 
The full texts of the remaining papers were sought from Imperial College London, the Swiss Tropical and 
Public Health Institute, the London School of Hygiene and Tropical Medicine, and the Wellcome and British 
Libraries. Those obtained were read by JETG and DC, and papers not reporting prevalence according to 
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availability of water and/or sanitation were excluded. Papers in French, Portuguese, and Chinese were discussed 
with fluent speakers. 
Data (2×2 tables where available, or ORs and corresponding 95% CIs) were extracted independently by JETG 
and DC from the papers, or (when supplied), from authors’ correspondence. Crude or unadjusted ORs from 
bivariate analyses were taken where available, to minimize the risk of water supplies’ impact being reported as 
due to the water contact they prevent, rather than due to the water supplies per se. Discrepancies were discussed 
and, if needed, a third person (Jürg Utzinger) was consulted until consensus was reached. Where studies 
reported datasets from different settings, all datasets were eligible for inclusion. Where they reported different 
ORs for different forms of water or sanitation in the same setting, all ORs were included in the meta-analysis 
(double-counting some participants was felt to be preferable to the bias that would be induced by choosing one 
of the ORs). Where a 2×2 table contained one or more zeros, a Woolf-Haldane continuity correction was 
applied and 0.5 was added to all four of that table’s elements (Greenland, 2000). 
3.1.3.1. Quality assessment 
Study quality was assessed using a checklist based on the GRADE (Grades of Recommendation, Assessment, 
Development, and Evaluation) approach (BMJ, 2004) and other recent and similar systematic reviews 
(Ziegelbauer et al., 2012, Stocks et al., 2014, Strunz et al., 2014). The study assessment considered diagnostics 
– with sedimentation for intestinal schistosomiasis being rewarded due to its higher sensitivity compared with a 
single Kato-Katz thick smear reading (Ebrahim et al., 1997), method of assessment of WASH, correction for 
confounders, response rates, and other strengths and weaknesses (see Appendix 3 for a summary of the quality 
assessment method used, and Appendices 3, 4 and 5 for summaries of the included studies and their quality 
assessments). 
3.1.3.2. Synthesis of results 
S. haematobium may be less susceptible than S. mansoni and S. japonicum to control with sanitation, since 
urination into water bodies is generally thought to be less easily controlled than open defecation (Jordan et al., 
1980, Sow et al., 2008). On the other hand, all human schistosomes infect people during contact with infested 
water, so water supplies might be expected to have a similar effect on infection with any schistosome species. 
Different species were therefore pooled in the water meta-analysis, but species-specific analyses were carried 
out for sanitation. The effect of species was subsequently investigated in the water sub-analyses. No studies 
reported data eligible for an analysis of hygiene and schistosomiasis. 
The impact of WASH on schistosomiasis is likely to be mediated by a number of other factors, including 
behavioural and environmental ones, and aspects related to SES, which may vary between study settings. It is 
therefore reasonable to expect some variability in the true effect size between studies. Hence, random effects 
models (DerSimonian and Laird, 1986) in StatsDirect 2.8.0 (StatsDirect Ltd, Altrincham, United Kingdom) 
were employed in all the meta-analyses. These models weighted datasets’ effect sizes by their inverse variances. 
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3.1.3.3. Publication bias and sensitivity analysis 
Publication bias was assessed through the visual inspection of funnel plots and through Egger’s test (Egger et 
al., 1997). Higgins’ I2 was used to assess heterogeneity between studies (Higgins et al., 2003). Where 
heterogeneity was high (I2 > 75%) and a meta-analysis included at least one study of a different age group 
(adults, children, or mixed, with children defined as those below 18 years of age, or attending school), from a 
different continent, with a different schistosome species, with water in a different location, or with a different 
kind of sanitation, sub-analyses divided the datasets according to these factors to see if this reduced 
heterogeneity. 
Sensitivity analyses were used to check for the impact of the largest studies on the three meta-analyses. All 
datasets from the study contributing the greatest weight to each meta-analysis were removed, and the effect on 
the results was investigated. 
3.2. Methodology for the qualitative review of water, sanitation, and hygiene 
for the prevention of schistosome transmission 
The systematic review of the literature revealed many papers that provided evidence in support of, or against, 
WASH disrupting schistosome transmission. Many of these papers were excluded from the systematic review, 
since they did not meet the systematic review’s inclusion criterion of providing an OR and CI or 2×2 
contingency table for schistosome infection according to access to water or sanitation. Although these papers 
pertained to diverse aspects of schistosome transmission (meaning that they were not easily groupable, and their 
qualities could not easily be compared), their implications for WASH and schistosome transmission could be 
discussed. The methodology for the qualitative review was to review these papers in terms of the schistosomes’ 
life cycles, to investigate and summarise the rationale for WASH disrupting schistosomiasis transmission. 
3.3. Methodology for the development of surveys to assess WASH 
Primary data collection was an alternative method for investigating the relationship between WASH and 
helminths. It allowed the collection of data in a way that addressed many of the shortcomings of previous 
studies comparing WASH with helminth infection (see Section 3.1.3.1 for the methodology of the study quality 
assessment in the systematic review). 
This section presents the methodology for development of questionnaires to assess school-, household-, and 
student-level WASH facilities and practices, with particular reference to helminths. All these questionnaires 
were employed in a 30-school survey in southern Ethiopia (see Section 3.4 for the methodology and Chapter 6 
for the results), and the school WASH survey was used in the Ethiopian national mapping of schistosomes, 
STHs, and school WASH (see Section 3.5 for the methodology and Chapter 7 for the results). 
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In order to compare WASH with schistosome and STH infection metrics, it is necessary to define both the 
WASH and the infection metrics. WHO (2011) recommends diagnosing S. haematobium through urine 
filtration, and STHs, S. mansoni, and S. japonicum through the Kato-Katz technique (Katz et al., 1972, WHO, 
2011). These methods not only distinguish between infected and uninfected people; they also quantify the 
intensity of infection – a proxy for the number of worms harboured – in EPG for STHs, S. mansoni, and S. 
japonicum, and eggs per 10 ml of urine for S. haematobium. However, WASH is less straightforward to define 
and quantify.  
WASH covers water supplies, sanitation (the disposal of excreta), and hygiene (practices such as washing and 
safe food preparation). Adequate WASH is a combination of practices, knowledge, and attitudes that motivate 
those practices, and facilities that enable them. However, it may be defined in different ways, and different 
aspects of WASH will be of interest in different contexts. While clean drinking water is of prime importance in 
the control of the many faeco-oral diseases, it is the prevention of dermal contact with infested water that is 
most important in schistosomiasis control, while STH control is much more dependent on the adequate 
containment of faeces and washing of hands following defecation. Additionally, water supply and sanitation 
types, hygiene practices, climate, currency, and WASH product names may all vary between different countries. 
The developed surveys particularly focussed on aspects of WASH that might influence transmission of 
schistosomes and STHs, but they did also cover other aspects of WASH, in order to satisfy an objective separate 
to this PhD project – a regional situational analysis of school WASH in the Southern Nations, Nationalities, and 
Peoples’ Region (SNNPR), Ethiopia. 
3.3.1. Review of previous surveys, and exclusion of various question topics 
The first step in the development of these WASH surveys was to review similar tools: namely those by WHO 
and UNICEF (2006), UNICEF (2011), and others by Matthew C. Freeman, Sophie C. Allan, the Belize Ministry 
of Health, and UNICEF and the Palestinian Hydrology Group. These surveys included many useful questions, 
but adjustments were required for this project. For example, seasonality, an important aspect of Ethiopian water 
collection practices (Mason et al., 2013), needed to be accounted for. Regarding sanitation conditions, the 
Belize Ministry of Health survey had a very useful set of questions about latrine conditions, but asked separately 
about the boys’, girls’, male teachers’, and female teachers’ latrines. It thus did not allow or account for the 
possibilities of these groups sharing a latrine, or one of these groups having access to multiple latrines. 
After reviewing these questionnaires, school-, child-, and household-level WASH questionnaires were 
developed by selecting applicable questions, and adjusting them to the context of Ethiopian schools. Many of 
the same questions appeared in a few of the previous WASH surveys, particularly since the use of the 
standardised WASH definitions (WHO and UNICEF, 2015) is encouraged. Some questions were directly 
transferred into the questionnaires under development, while others were adjusted to better reflect Ethiopia, and 
WASH pertaining to the transmission of schistosomes and STHs. Other questions, on topics such as the disposal 
of solid waste, and menstrual hygiene, are not so pertinent to the transmission of schistosomes and STHs. They 
 49 
 
were therefore excluded, in the interest of keeping the surveys as brief as possible, to reduce the risk of 
respondent fatigue (Galesic and Bosnjak, 2009). A summary of questions from previous surveys, that were 
deemed irrelevant and therefore excluded, is presented in Table 6. 
In addition, some completely new questions were included, for instance on water contact (asked about in the 
household- and child-level surveys), the condition of rainwater tanks, and the school’s kitchen. Where previous 
surveys referred to ‘drinking water sources’, the new surveys used ‘water sources’, to reflect the possible 
importance of water used for other practices, such as bathing and laundry. 
Wherever possible, inspections rather than questions were used to assess WASH facilities, in order to enhance 
reliability. In many cases categorical variables were used (for instance by dividing numerical variables into 
intervals), since these are more easily judged than continuous variables (for example it is easier to recall if a 
time interval is zero to five minutes, five to 30 minutes, 30 minutes to one hour, or more than an hour, than it is 
to recall the exact time interval). 
Table 6: Summary of question topics from previous surveys, which were not included in the surveys developed in this 




























Sharing of sanitation with neighbours       
Disposal of children's faeces       
Days per week functionality of water 
source 
      
Disposal of solid waste       
Emptying of sludge from latrines       
What vessel do children normally use to 
drink water? 
      
Accessibility of drinking water for 
children with disabilities 
      
Ability of the youngest children to take 
water for themselves 
      
Facilities and programmes for menstrual 
hygiene 
      
Questions on urinals       
Recent damage to school WASH 
infrastructure 
      
Is the latrine attached to the house?       
Who chose the type of latrine, and who 
built it? 
      
Cost of latrine construction       
Age of latrines       
Maintenance plan for water facilities       
Appearance and cleaning of school 
compound 
      
Flavour of drinking water       
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3.3.2. The initial school WASH survey 
The first version of the school WASH questionnaire was structured as follows: First there were questions on the 
school’s water supply. An innovation of this survey was to structure the water questions in two parts; the first 
being for schools only ever using one source, and the second containing equivalent questions but for schools 
using different sources in the dry and rainy seasons. These questions asked: 
 Whether there was a water supply in the school compound? 
 Which kind of source according to the JMP definitions (WHO and UNICEF, 2015)? 
 If this source was outside of the school, how long did it take to go there, collect water, and return to the 
school? 
 What kinds of water source were used for cleaning cooking utensils, the school, and for handwashing? 
 Whether drinking and non-drinking water were treated (and if so, how)? 
 Hours per day functionality of the water source? 
 Amount of water brought to school per student? 
 How such water was used? 
 What was the source of such water (for example, does piped water come from a treatment plant or 
river)? 
There were also some questions on WASH maintenance and management in the school: 
 Whether there was a water fee? 
 Who was responsible for paying the water fee? 
 Whether there was a school WASH club? 
 Who was responsible for the maintenance and management of the water and sanitation facilities? 
Questions on food hygiene included: 
 Whether there was a designated handwashing period before food was served? 
 Whether students ate with their hands or with spoons? 
An inspection of the school’s water tanks was also incorporated. Questions about the number and capacity of 
rainwater tanks were adapted from previous questionnaires, and this survey also included questions on: 
 Whether the tanks were full at the end of the rainy season? 
 For how many weeks into the dry season would they serve as the school’s water source? 
 Whether any tanks were uncovered or leaking? 
The next section was on the school’s sanitation. It is often not straightforward to identify boys’ and girls’ 
latrines in Ethiopian schools, since latrine blocks may be assigned to different groups of people in different 
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schools. For example, one school might have one latrine block for males, and another for females, while another 
school might have two blocks for boys, one for girls, one for boys and girls, and one for teachers. Furthermore, 
blocks are the important unit in school sanitation, since blocks that are shared between boys and girls may 
discourage use, even if boys and girls have access to different stalls within the block.  
A different table was therefore constructed, which asked similar questions, but for up to six latrine blocks, along 
with a question on who (boys, girls, boys and girls, male teachers, female teachers, teachers, any male, any 
female, or anyone) used each block. Questions about the latrine blocks included: 
 The type of sanitation, according to the JMP definitions (WHO and UNICEF, 2015)? 
 The number of toilets? 
 The toilet floor material? 
 The condition of the walls? 
 The condition of the roof? 
 The number of doors? 
 Whether or not the toilet hole was covered? 
 The cleanliness of the floors? 
 The cleanliness of the walls? 
 The odour? 
 The type of cleansing material present? 
 Frequency of cleaning? 
 Who cleaned the latrine block? 
 Whether structures such as ramps were available for disabled students? 
 Whether water and soap were available for handwashing at this latrine block? 
Questions about handwashing before eating included: 
 Where did students wash their hands before eating? 
 Whether basins, and running, or bucket-accessed water were available for handwashing? 
 Whether soap or ash were available for handwashing? 
 Whether there were wet areas around the handwashing area, and if present, whether soap was covered 
in dust (indicating a lack of use)? 
The final questions in the survey asked about the school’s kitchen: 
 If one existed? 
 If food was stored there? 
 If it had complete walls and a complete roof? 
 If it had a chimney? 
 If it had a secure door, and if it had windows? 
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 If it was well ventilated? 
A summary of the question topics included in the initial school WASH survey, along with the surveys with 
questions from which they were adapted, is provided in Table 7. Note that some questions (those with no grey 
boxes in their rows) were not equivalent to any questions in any of these surveys. Many resulted from 
substantial adaptations of questions in these previous surveys, such that they were no longer equivalent. For 
example, previous’ surveys questions on the kind of water source used by the school were substantially adapted 
to the kind of water source present in the school compound. Others were completely new questions. 
Table 7: Summary of question topics in the initial school WASH survey, along with their source surveys. Grey boxes 
























Presence of a water supply in the school compound       
Kind of water supply in school compound 
according to the JMP definitions (WHO and 
UNICEF, 2015) 
      
Time needed to go from the school to the water 
source and return with water 
      
Kinds of water source used for cleaning cooking 
utensils, the school, and for handwashing 
      
Treatment of drinking water       
Treatment of non-drinking water       
Hours per day functionality of the water source       
Amount of water brought to school per student       
Use of water brought to school by students       
Source of water brought to school by students       
Whether or not there was a water fee       
Who was responsible for paying the water fee?       
Whether or not there was a school WASH club       
Who was responsible for the maintenance and 
management of the water and sanitation facilities? 
      
Whether or not there was a designated 
handwashing period before food was served 
      
Whether or not the tanks were full at the end of the 
rainy season 
      
Number of weeks into the dry season that the tanks 
would serve as the school’s water source 
      
Whether or not any tanks were uncovered or 
leaking 
      
Type of sanitation       
Number of latrines       
Hygienic and structural conditions of latrines       
Where students washed their hands before eating       
Whether or not basins, and running, or bucket-
accessed water were available for handwashing 
      
Whether or not soap or ash were available for 
handwashing 
      
Whether or not there were wet areas around the 
handwashing area, and if present, whether soap was 
covered in dust (indicating a lack of use) 
      
If a kitchen was present at the school       
If food was stored in the kitchen       
If the kitchen had complete walls and a complete 
roof 
      
If the kitchen had a chimney       
If the kitchen had a secure door, and if it had 
windows 
      




3.3.3. The initial household WASH survey 
The household WASH survey was very similar to the school WASH survey, described above, but with certain 
adjustments made. For example, the sanitation section asked about one latrine, rather than up to six possible 
blocks. Since it was so similar to the school WASH survey, it was adjusted in the same way as the school survey 
during the subsequent rounds of testing and adjustment. 
3.3.4. The initial student WASH survey 
The student WASH survey was designed to be a very brief assessment of students’ attitudes and practices 
relating to WASH. It included questions asking about: 
 When students washed their hands? 
 What they used to wash their hands? 
 Use of home and school latrines, for urination and defecation? 
 Perceived problems with home and school latrines? 
 Whether they ever missed school because of inadequate sanitation? 
 Whether they ever carried water to school? 
 What kind of source this water came from, according to the JMP definitions (WHO and UNICEF, 
2015)? 
 If they were ever thirsty at school, and without a drink? 
 How often they went into rivers and lakes for swimming, crossing rivers, collecting water for home or 
school, bathing, fishing, and washing clothes? 
This questionnaire was relatively short and straightforward, and was not developed further. 
3.3.5. Field-tests of the initial surveys, and resulting adjustments 
After the first version of the school WASH questionnaire was written, it underwent four cycles of testing and 
adjustment, as summarised in Figure 20. This work is described in more detail in the subsequent sections. 
3.3.5.1. The first field test 
In September 2012, the first versions of the questionnaires were tested in and around a school in Oromia 
Region, Ethiopia, by using them to collect data, and looking for opportunities to adjust the questionnaire such 
that the data collected would better reflect the reality.  
As a result of this field test, the water section was restructured. Rather than splitting the water questions by 
season and drinking/non-drinking water, the new version split the questions only by season. It asked about the 
primary water source in each season, and whether or not water was used for different activities including 
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drinking, cooking, cleaning the school, and bathing. In another adjustment, the sanitation questions were moved 
to the end of the survey, so that should the school director be at all embarrassed by the state of the latrines, this 
would not affect his or her willingness to answer subsequent questions. 
 
Figure 20: Flow diagram demonstrating the development of the school WASH questionnaire. 
The WASH in this school was relatively good – it consisted of well-maintained ventilated improved pit (VIP) 
latrines, and piped water to the school compound. It was therefore necessary to repeat the field test in a more 
representative set of schools. 
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3.3.5.2. The second field-test (in 12 schools) 
After making the above adjustments to the questionnaire, in October 2012 the field test was repeated in 12 
schools in Abeshge, Cheha, Enemorena Ener, Ezha, Kebena, and Mehur Aklil woredas, Guraghe zone, SNNPR, 
Ethiopia. 
After this, the water section was divided into three sections: for schools with on-site water available throughout 
the year, with on-site water available during the rainy season only, and with no water on-site. In one of the 
schools visited, the latrine floor had completely broken apart and fallen into the pit – demonstrating the 
importance of a question on the structural condition of latrine floors. Also, there were faeces on the floor around 
the latrines in some schools, which seemed a reliable and unambiguous indicator of the non-use of sanitation. A 
question on this was therefore later included. Finally, some of the latrines contained large numbers of flies, 
discouraging their use. A question on the presence of flies in the latrines was therefore also included. 
3.3.5.3. Adjustments resulting from the 30 schools survey 
A collaboration between the Ethiopian Public Health Institute (EPHI) and the Partnership for Child 
Development (PCD) was formed to investigate the optimal delivery of integrated school health interventions, in 
a three-year longitudinal survey in 30 government schools in SNNPR, Ethiopia. The baseline survey presented 
an opportunity to continue testing and improvement of the WASH surveys, through the close supervision of 
their implementation and the adjustment of questions that were ambiguous or yielded answers that did not 
reflect the true WASH situation. This project was also an opportunity to compare student- and household-level 
WASH with intestinal helminths – the methodology of that work is presented in the following section (3.4), and 
the results in Chapter 6, while this section focusses on the adjustments made to the questionnaires as a result of 
lessons learned during their use in this baseline survey. 
In this baseline survey, eight teams collected the data, and were overseen by four supervisors. It was therefore 
possible to supervise the data collection closely, and provide guidance wherever it was needed. However, it was 
clear that the survey format (which included many skip-patterns, to direct enumerators away from irrelevant 
questions) was misleading in some cases, with enumerators occasionally missing the instruction to skip certain 
questions or providing a number where only a tick was required. The school survey was therefore subsequently 
put into a table format, with arrows indicating whether a numeric or written answer was required, or whether a 
box should be ticked. The final column provided instructions on whether to skip, and if so, to which question.  
At this point in its development, the school WASH questionnaire had a question asking for the global 
positioning system (GPS) coordinates of water sources outside of the schools. In some cases it was impractical 
to travel to the water source, and some schools required each child to bring a bottle of water to school each day 
– therefore, the school director often didn’t know where this water came from, and in some cases, it came from a 
variety of locations. Given the impracticality of collecting such data, and its poor reliability, it was decided to 
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remove this question from the national survey, but instead to ask the director to estimate the water haulage time 
(zero to four minutes, five to 29 minutes, 30 to 59 minutes, or an hour or more). 
3.3.5.4. The final field test 
The national mapping project (methods in Section 3.5 and results in Chapter 7) used smartphones rather than 
paper forms for the disease data collection, with a database system designed specifically for this project. All the 
survey procedures were therefore tested in two schools in Guraghe zone, SNNPR, Ethiopia, in late October 
2013. In addition to testing the timing of data collection (by simply carrying out all the survey procedures in two 
schools and checking that the various activities finished at around the same time), this provided a final 
opportunity to check the WASH questionnaire for errors. As a result of this field test, one minor adjustment was 
made. One of the schools had a standpipe which was locked in a building, and its water was only used for 
building and maintenance purposes. As a result, ‘maintenance/construction of school buildings’ was included as 
a possible answer to all questions about the use of water in the school. 
3.4. Methodology for the 30 schools survey 
The data collected during the survey in 30 schools (mentioned above) were analysed to determine whether 
various sanitation indicators were associated with hookworm infection, and how reliable were self-reported data 
on access to sanitation. This section provides more information about the collection and analyses of the data. 
 




This survey was based in and around 30 government schools in the SNNPR, Ethiopia. Four clusters of schools 
(in Kokir Gedebano, Mareko, Selti, and Lanfuro, Kindo Koisha, and Konso and Alie woredas) were selected 
from those already receiving school feeding from the United Nations World Food Programme (WFP) in 
SNNPR, by the Ethiopian Ministry of Education in partnership with the WFP. They were selected from schools 
already receiving school feeding from the WFP, on the basis of suitability for school feeding with local produce 
(since the broader project investigated optimal approaches to integrated school health, including deworming, 
WASH, and school feeding) – this suitability stemmed from factors such as proximity to agricultural 
cooperatives and local agricultural practices. The school and woreda locations are shown in Figure 21. 
The schools had a combined enrolment of 30,705 students, and their elevations varied from 785 m (in Konso) to 
2859 m (in Kindo Koysha) above sea level. SNNPR has a predominantly (90.0%) rural population, and is home 
to members of over 85 ethnic groups (CSA, 2008). Mean annual rainfall in the region increases from south to 
north, with values between 300 to 1,000 mm in Konso in the south, and 1,500 to 3,000 mm in the north (Cheung 
et al., 2008). Mean yearly temperatures vary with elevation, but are around 20°C both in Konso in the south, and 
in Jimma which is just north of the region (Alemu et al., 2011, Ocho et al., 2012). 
The data were collected by eight teams (each comprising two health officers and two laboratory technicians) 
recruited from the zonal health offices. The laboratory technicians carried out the parasitological and health 
surveys, while the health officers carried out the school WASH, school feeding, student WASH, and household 
WASH surveys. Two days of training prior to the survey refreshed the laboratory technicians’ understanding of 
the procedures to be used, and familiarised the health officers with the surveys to be used. A third day of 
training included a school visit, where data were collected under close supervision, and any misunderstandings 
were addressed. 
3.4.1. School WASH and school feeding survey 
Closed-ended questionnaires were used to assess school-level WASH, school status including infrastructure, 
educational results, and school feeding provision. These surveys combined questions to the school directors and 
parent-teacher association members, with observations of the condition of facilities. This allowed for the 
collection of data pertaining to both the school-level practices throughout the year, and the condition of the 
schools’ facilities, as determined by inspection. Schools’ positions and elevations were recorded using hand-
held GPSes (Garmin GPS 72H, made by Garmin International, Inc., Olathe, Kansas, USA). 
3.4.2. Parasitological surveys 
Parasitological testing was carried out on stool and urine samples from 125 randomly selected students (63 boys 
and 62 girls) in each school. Where possible, they were selected from the two grades below the final grade, in 
order maximise the age of students and thus risk of helminth infection, while allowing for two years’ follow-up 
of the children. Where there were not enough boys and girls in the grade two below the maximum, children 
were also randomly selected from lower grades. 
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Each child was asked to provide one stool sample and one mid-morning urine sample, and each stool sample 
was subjected to one Kato-Katz test (Katz et al., 1972), to enumerate the intensity (in EPG) of infection with S. 
mansoni, hookworms, A. lumbricoides, and T. trichiura. Each urine sample was tested for haematuria using a 
Hemastix® reagent strip (Bayer HealthCare LLC, Elkhart, Indiana, USA), and the haematuria-positive urine 
samples were subjected to filtration and microscopic examination for S. haematobium eggs. The laboratory 
technicians were not explicitly blinded to the WASH exposure statuses of the children. However, they generally 
would not have known these, since they were preparing and inspecting the slides while the health officers 
assessed the WASH exposures. 
3.4.3. Student WASH surveys 
Of the students who had provided parasitological and nutritional data, 20 were randomly selected for a WASH 
knowledge, attitudes, and practices (KAP) survey. Wherever possible, these interviews took place away from 
teachers in order to minimise the bias that may have otherwise been induced. 
3.4.4. Household WASH surveys 
Of the 20 students providing parasitological, nutritional, and student WASH data, 15 were randomly selected for 
household visits. Data collectors accompanied the students to their homes, where they interviewed their parents 
about household WASH practices and inspected the household WASH facilities. 
3.4.5. Quality control of water and sanitation inspections 
Two teams comprised of parasitologists (Gemechu Tadesse and Yonas Wuletaw of EPHI), a research manager 
(Elodie Yard of PCD), and the author carried out independent inspections alongside the data collectors. In these, 
they verified that the surveys tools were used correctly, and conducted independent assessments of latrine 
conditions. Comparison of data collected by the supervisors, with those collected by the data collectors, allowed 
for an assessment of consistency of data collection, and discrepancies were discussed with all data collectors at a 
meeting halfway through the survey. 
3.4.6. Data management and statistical analysis 
All data were collected on paper and subsequently double-entered into the Census and Survey Processing 
System (CS-Pro) version 5 (United States Census Bureau, Washington, DC, USA). The databases were exported 
to SPSS version 13 (Armonk, NY: IBM Corp.) for cleaning, according to the questionnaire flow patterns. 
Summary analyses were then conducted in R version 0.98.1091 (R Foundation for Statistical Computing, 
Vienna, Austria), using the ape, plyr, stringr, geosphere, mefa, and fmsb packages.  
The rates of infection with S. haematobium, S. mansoni, A. lumbricoides, and T. trichiura were all very low, and 
the 30 schools were geographically distributed in four clusters, with hookworm infection rates varying between 
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the different clusters (and being particularly high in Kindo Koysha – see Table 9). This, in addition to the 
clustering of school locations, prevented a school-level analysis comparing school WASH with hookworm. 
The analysis of spatial clustering of disease is a broad topic, and an in-depth discussion of it would be beyond 
the scope of this thesis. Broadly, there are two types of statistical test for the detection of disease clustering: 
Focussed tests investigate whether the incidence, prevalence, or intensity of disease is higher around certain pre-
determined points (for example, whether the incidence of cancer is higher in the people living around particular 
sources of pollution). General tests, on the other hand, do not specify potential causes of disease, but seek to 
quantify irregularity in its distribution over a large region (Besag and Newell, 1991). 
One of the most commonly used general tests is Moran’s I (Moran, 1950, Elliot et al., 2000), which was used 
here to test for spatial clustering of the hookworm prevalences in these 30 schools. In this calculation, the school 
pairs were weighted according to their inverse distances (calculated neglecting the Earth’s curvature, as the 
square root of the sum of (i) squared differences between the latitudes, and (ii) the squared differences between 
the longitudes). It returned a Moran’s I estimate of 0.42, reflecting a strong spatial autocorrelation of hookworm 
prevalence.  
This aligns with a finding from an analysis by Pullan et al. (2011). These authors, in a Bayesian analysis of the 
spatial distributions of STH infections in Kenya, found that the spatial correlations for each of the parasites fell 
below 5% at a distance of 39-49 km (95% credible intervals ranging between 31-68 km); these figures may 
therefore be taken as rough estimates for the spatial scales at which parasitic infection is no longer correlated. 
The scales of spatial correlation estimated by Pullan et al. (2011), and the spatial autocorrelation of hookworm 
prevalence reflected by the high Moran’s I value calculated here, may be explained with reference to the 
parasites’ biology. People in SNNPR may frequently move around on foot over scales of tens (but not hundreds) 
of kilometres, for example between home and school. Therefore, transmission may easily take place over those 
scales. On the other hand, places separated by tens or hundreds of kilometres will not have so much movement 
of people between them, and may also have different environments – which may be better or less well suited to 
the parasites’ transmission; hence the difference in prevalence between places separated by such distances, and 
the clustering of prevalence seen here. 
As mentioned above, the 30 schools in this project were arranged in four clusters, and it is illustrative to 
compare these estimated distances of 39-49 km (Pullan et al., 2011) with the distances between pairs of schools 
in the same cluster, and between pairs of schools in different clusters. Geodesic distances were calculated 
between all the pairs of schools within each cluster, and between all the pairs of schools in different clusters. 
These calculations used the schools’ GPS coordinates and the distVincentyEllipsoid function in the geosphere R 
package to implement Vincenty's formulae (Vincenty, 1975), modelling the Earth as an ellipsoid with an 
equatorial axis of 6,378 km and an inverse flattening of 1/298.26. Considering pairs of schools in the same 
cluster, these were between 1.52 km (Kemale and Gugnara Kolme Schools in Konso) and 50.89 km (Weito and 
Shekana Schools, also in Konso) apart. Considering pairs of schools in different clusters, these were between 
34.3 km (Goto Mandifa School in Mareko and Welega Dese School in Kokir Gedebano), and 306.59 km 
(Combol School in Kokir Gedebano and Weito School in Konso). Therefore, while some (but not all) pairs of 
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schools within the same cluster were close enough to suggest strong interdependence in infection levels, pairs of 
schools in different clusters were always far enough apart to be free from much interdependence in infection 
levels. 
One solution to this spatial clustering of the schools, and the interdependence in infection level between some 
pairs of schools in the same cluster, might have been to compare school WASH with hookworm infection within 
each of the clusters. Such an analysis would have required, in each cluster, a range in schools’ prevalences 
substantially larger than the variances for each school’s prevalence. Otherwise, statistically significant 
differences in the various schools’ prevalences would not have been observable, and a meaningful comparison 
of WASH and hookworm infection would not have been possible. In this project, however, there were only 
between four and 11 schools in each cluster. Consequently, such an analysis would not have been adequately 
powered. It was therefore concluded that, as a result of the combination of the absolute sample size, and the 
clustered nature of the schools, a comparison between school WASH and parasitic infection rates was 
unfeasible.  
However, the data were summarised, and child- and household-level sanitation indicators were compared with 
each other (presence of a latrine as assessed by inspection with reported use of latrine at home, and presence of a 
latrine as assessed by inspection with reported absence of a latrine at home). Furthermore, sanitation indicators 
(the declaration of practising open defecation at home and at school, and the absence of a latrine at home) were 
tested as risk factors for hookworm infection. All these comparisons employed the calculation of unadjusted 
ORs, since in all cases the dependent and independent variables were binary. While it would have been 
interesting to assess associations between household latrine conditions and hookworm, 27.2% of households 
lacked latrines, and 88.3% of latrines in the remaining households were pit latrines without cement floors. In 
such latrines, visual inspections of cleanliness are likely poor indicators of faecal contamination.  
These ORs were calculated after removing data from schools with no hookworm infection, on the grounds that 
such schools are likely in areas unsuitable for hookworm transmission due to non-WASH factors such as soil 
type, temperature, and precipitation (Mabaso et al., 2003, Brooker et al., 2004, Bethony et al., 2006, 
Karagiannis-Voules et al., 2015). 
3.4.7. Ethical considerations 
The study protocol was reviewed and approved by the Scientific Ethical Review Committee (SERC) of EPHI. 
On the Imperial College side, this project was covered by ethical approval granted by the Imperial College 
Research Ethics Committee to the Schistosomiasis Control Initiative (SCI) for the monitoring and treatment of 
schistosomiasis and STHs (reference: ICREC_8_2_2). The aims and procedures of the study were explained 
prior to enrolment in the study. Written informed consent was obtained from the school directors and heads of 
household, for the household WASH surveys. Each participant provided verbal consent, and was reminded of 
his or her right to withdraw from the study at any time without consequences. Provision of samples by 
schoolchildren was considered assent to participate in the study. All schistosomiasis cases were treated with 
praziquantel by EPHI team members (60 mg/kg of body weight). In schools with non-zero prevalence of STHs, 
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all children present were treated with 400 mg of albendazole. Tablets were dispensed by the school director and 
records of number of children treated on the basis of attendance, and figures were subsequently compiled and 
shared with the regional bureau of health. A total of 22,258 children received PC with albendazole. 
3.5. Methodology for the national mapping of helminths and school WASH in 
Ethiopia 
The last part of this PhD project was a national-level analysis comparing school WASH with S. mansoni and the 
STHs, using data from schools across Ethiopia. The key advantages of this project over the previous ones, were 
the larger sample sizes (and thus the ability to detect much smaller effect sizes), and the consideration of school-
level, rather than household-level or child-level WASH. 
School-level WASH is likely to be less susceptible to socioeconomic confounding than child- or household-
level WASH, and this is a significant advantage in a cross-sectional comparison of WASH with helminth 
infection. People of higher SES are likely to have better household WASH, but are also likely protected from 
infection by a number of other factors including lower occupational exposure, better knowledge of the parasite 
transmission, and better access to treatment, while in Ethiopia, school WASH is generally provided by the 
government or by non-governmental organizations (NGOs) – it is therefore less reflective of its users’ SES.  
On the other hand, it is unfortunate that this school-based study necessarily excludes children not attending 
school, since these are among the most vulnerable people, and since these children can be the most heavily 
infected with schistosomes and STHs (Husein et al., 1996). Primary school attendance is low in Ethiopia – in 
2011, it was estimated that only 64.5% of Ethiopia children of primary school age were attending school (CSA 
and ICF International, 2012). Children from families of low SES are likely less able to attend school regularly in 
Ethiopia, due to their limited ability to pay school fees, due to pressure to assist with subsistence farming 
economic activities, and perhaps due to other factors such as living too far from the nearest school. Indeed, the 
aforementioned report found attendance rates to be higher in the higher wealth quintiles than the lower ones 
(CSA and ICF International, 2012). It is also unfortunate that SES could not be assessed, and adjusted for, in 
this work. Previous studies have used household ownership of items such as refrigerators, televisions, sewing 
machines, bicycles, telephones, motorcycles, cars, and air conditioning units as proxies for SES (Ximenes et al., 
2003, Gazzinelli et al., 2006b). However, experience from the 30 schools survey showed that in this context, 
these items would be so rare as to be useless as socioeconomic indicators, and that children’s reports of 
household possessions would likely be unreliable (since their reports of household WASH were). 
Schoolchildren spend a substantial portion of the waking day in school, suggesting that the school environment 
may play an important role in the transmission of schistosomes and STHs. This particularly applies to the STHs, 
which do not rely upon intermediate hosts for transmission. Furthermore, large-scale helminth control 
programmes are frequently directed at children and use schools for the assessment of baseline levels of 
infection, for PC, and for monitoring and evaluation (WHO, 2011). Integrating school WASH assessment into 
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these school-based activities requires less time and is therefore more feasible than integrating the assessment of 
WASH in households or other places. 
In the 2013-2014 Ethiopian national mapping of schistosomes and STHs, WASH was assessed alongside the 
parasite infections in each school selected for the survey. Data were available for 80,475 children in 1,645 
schools. This section of the thesis presents the methodology for the data collection, and the analysis comparing 
schools’ WASH with their parasitic infection rates. The motivation of this analysis was to investigate 
quantitatively whether schools with better WASH had lower rates of parasitic infection, which would advocate 
strongly for school WASH to be included as an essential element of reducing transmission. 
3.5.1. Study area and population 
Ethiopia is one of the least urbanised countries in the world. Only around 16% of Ethiopians live in urban areas, 
and agriculture accounts for around 43% of the country’s gross domestic product (CSA and ICF International, 
2012). In 2007, it was estimated that Ethiopia had a population of 73.8 million, and a population density of 67.1 
people per km2 (CSA and ICF International, 2012). About half (52.1%) of Ethiopia’s female population, and 
38.3% of its male population, have had no formal education. However, in the younger age groups, these figures 
are much lower, and around half of Ethiopians are below 15 years of age (CSA and ICF International, 2012).  
Schistosomes and STHs constitute serious public health problems in Ethiopia, with estimated nationwide 
prevalences of 16.5% and 28.8%, respectively (Karagiannis-Voules et al., 2015, Lai et al., 2015). Before the 
national mapping reported here, only limited schistosome monitoring and control had taken place in Ethiopia: in 
a review of NTDs in Ethiopia, Deribe et al. (2012) report on a national survey that took place in 1988-1989. On 
the other hand, between the years of 2004 and 2009, more than 11 million preschool-age children (aged two to 
five years) received PC against STH infections. 
Ethiopia has seen rapid improvements in household WASH in recent years. Between 1990 and 2015, the 
estimated proportion of the population practicing open defecation fell from 92% to 29%, and the estimated 
proportion without access to improved water supplies fell from 87% to 43% (WHO and UNICEF, 2015). 
However, the above figures reflect substantial proportions of the population that still lack access to safe water 
supplies and adequate sanitation. Furthermore, improved water sources may only be available at long distances 
(e.g. several hundred meters or more) from the home for many people. Appropriately constructed sanitation 
facilities, particularly in schools, may have unacceptable hygienic conditions, such as very unclean floors and 
walls, highly intolerable odours, and the presence of many flies. 
3.5.2. School selection 
In line with (unpublished) WHO guidance, schools were selected purposively at the woreda (district) level in 
most regions, with the exceptions of Afar and Somali, where zonal-level selection was employed because of the 
expectation of lower infection rates. Under purposive sampling, 10 schools per woreda were selected randomly. 
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Next, five of those 10 schools were selected by the data collectors in consultation with the woreda health office, 
giving priority to schools thought to harbour the highest infection rates, given the local medical records and the 
presence of freshwater bodies. Amhara region was excluded from this mapping, to avoid duplication of 
activities of the Carter Center, who were mapping it for S. mansoni and STH infections. 
3.5.3. Field procedures 
Data were collected by 134 laboratory technicians and health officers recruited from health offices in each 
region, and trained centrally at a four-day workshop on the parasitological techniques and WASH survey. Fifty 
students per school (approximately 25 boys and 25 girls, of ages roughly 10-15 years) were randomly selected 
for parasitological analysis. This randomization was usually effected by asking the children from grade five to 
stand in two lines: one for boys, and another for girls. Then, 25 children were selected at equal intervals along 
each line. In schools with fewer than 25 boys or girls in grade five, children from grades four and/or six were 
also included. 
These students were generally (in over 99% of cases) between 10 and 15 years of age. Each student provided 
one own stool sample, and one own urine sample. Urine samples were tested for haematuria at the school – 
using Hemastix® reagent strips (Bayer HealthCare LLC, Elkhart, Indiana, USA). Hemastix®-negative samples 
were considered negative for S. haematobium. From the Hemastix®-positive urine samples, 10 ml was extracted 
and passed through filter paper of pore size 25 µm (Sefar MEDIFAB® Polyamide 03-25/19, manufactured by 
Sefar AG, Heiden, Switzerland).  
Concurrently, a health officer assessed the school’s WASH facilities and practices through a closed-ended 
questionnaire. This questionnaire combined inspections of the latrines and on-site water sources, with questions 
to the school director (head teacher), regarding the school’s WASH practices. As in the 30 schools survey, the 
laboratory technicians were not explicitly blinded to the WASH exposure statuses of the children. However, 
once more, they generally would not have known these, since they were preparing and inspecting the slides 
while the health officers assessed the WASH exposures. 
3.5.4. Laboratory procedures 
The stool samples, and the filter papers through which Hemastix®-positive urine samples had passed, were taken 
to the laboratory of the local woreda health office. There, the trained laboratory technicians employed the Kato-
Katz method (Katz et al., 1972) on stool samples to prepare and examine one slide per participant for the 
enumeration of S. mansoni and STH eggs. Processing the samples at the health facility, then immediately 
reading the slides, minimized the risk of hookworm eggs disappearing before the slides were prepared and 
examined (WHO, 1994, Dacombe et al., 2007). 
The laboratory technicians also examined the filter paper microscopically, to quantify the S. haematobium eggs 
per 10 ml of urine sample. Samples positive for S. haematobium were defined as those that both (i) tested 
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positive for haematuria according to Hemastix®, and then (ii) exhibited S. haematobium eggs under microscopic 
examination. 
3.5.5. Data handling 
Parasitological data were entered into smartphones and uploaded to a central server, using the LINKS system 
developed by the Task Force for Global Health, Atlanta, GA, USA. WASH data were collected on paper and 
subsequently entered into the Census and Survey Processing System (CS-Pro) version 5 (United States Census 
Bureau, Washington, DC, USA). In order to ensure the reliability of this data entry, the clerks were made aware 
that data for a 10% random sample of schools would be double-entered, and discrepancies reviewed. This 
double-entry revealed some discrepancies, resulting from data input errors, but no systematic errors 
characteristic of the entering of random data. Errors revealed in this manner were corrected by referring to the 
paper questionnaires. Subsequently, CS-Pro and SPSS versions 13 to 20 (IBM, Armonk, NY, USA) were used 
to clean the data according to the survey structure. For quality control purposes, sanitation inspections were 
carried out by supervisors alongside the data collectors, and their ratings subsequently compared. Five Kato-
Katz slides per school (10%) were double-read at the time of sample collection, and a further one slide per 
school (2%) was retained for further comparison in the central laboratory. The analysis presented here used only 
data from the original slide readings. 
The aim of the analysis presented here was to quantitatively compare WASH (water practices, and sanitation 
and hygiene facilities) with helminth infection rates. While metrics for the parasitology data – namely, the 
intensities of infection in either eggs per gram of faeces (EPG) or eggs per 10 ml of urine, are readily available, 
quantifying WASH was less straightforward. The approach adopted is presented below. 
3.5.6. Calculation of the water score – inadequate water causing exposure to 
schistosomes 
A water score estimated exposure to potentially schistosome-infested water, arising from school-level water 
collection practices – the calculation of this score is shown in Figure 22. Schools not relying on surface water 
(i.e., rivers, streams, or unprotected wells), were assigned a score of zero, as were those in which students did 
not bring water to the school. In schools whose students brought water from a surface water source, the number 
of collections per week was multiplied by the number of weeks per year that collections occurred. Where 
schools relied upon different water sources in the dry and rainy seasons, scores were calculated separately for 
each season, and the sum was taken. It was assumed that schools were open for a total of 40 weeks per year. 
Some schools used two sources concurrently, and in some of these schools, the sum of weeks that a school’s 
two water sources were used for in a year (x) exceeded 40. In these cases a correction factor, of 40/x, was 




Figure 22: Flow diagram demonstrating the calculation of the water score. Note that this score increases with increasing 
collection, by students, of water for school from potentially schistosome-infested sources. Consequently, higher scores 
represent more exposure to schistosomes.  
3.5.7. Calculation of the sanitation score – inadequate sanitation causing open 
defecation and therefore transmission of schistosomes and STHs 
A sanitation score estimated the adequacy of school latrine numbers and conditions. It was calculated as the sum 
of the ratio of boys’ latrine stalls to boys and the ratio of girls’ latrine stalls to girls, with each latrine’s stalls 
weighted according to how inoffensive they were on the a set of factors. These factors were: being shared with 
the opposite gender, presence of doors, type of sanitation, structural condition of the floor, privacy of the walls, 
cleanliness of the floor, cleanliness of the walls, presence of flies, and odour. Each latrine was rated ‘adequate’, 
‘inadequate’, or ‘very inadequate’ – corresponding to two, one, or zero, respectively, for each aspect. For each 
latrine, these numbers were summed, then multiplied by the number of stalls (holes) in the latrine. This was then 
divided by the number of boys or girls in the school. Shared latrines were counted twice, but with their number 
of stalls halved, on the assumption that boys use half the stalls and girls use the other half. Finally, latrines with 
collapsed floors were excluded and these numbers were added together for the remaining student latrines. A 




Figure 23: Flow diagram demonstrating the calculation of the sanitation score. Note that this score increases with 
increasing provision of sanitation facilities. Consequently, higher scores represent less exposure to the parasites. 
Thus the score incorporated both ‘crowding’ and ‘disgust’ elements. Of two schools with equally disgusting 
latrines, the one with more latrines per student would have a higher score. Of two schools with the same number 
of latrine stalls, the one with less disgusting latrines would have a higher score. The structure of the score also 
meant that if a latrine were rated ‘very inadequate’ for all the elements considered, it would contribute nothing 
to the sanitation score. Regarding type of sanitation, flush toilets, pour flush latrines to septic tanks or latrine 
pits, and VIP latrines were rated as ‘adequate’, pit latrines with cement floors and composting latrines were 
rated as ‘inadequate’, and pit latrines without cement floors, hanging latrines, and pour flush latrines to other 
locations, were rated as ‘very inadequate’. More details of the exact definitions of ‘adequate’, ‘inadequate’, and 
‘very inadequate’ for the sanitation elements may be seen in Table 14 of the results. 
3.5.8. Calculation of the hygiene score – inadequate handwashing facilities promoting 
the transmission of STHs 
A hygiene score was constructed in a similar manner to the sanitation score above, except that rather than rating 
latrine blocks according to the disgust level, this score rated them according to the provision of water and 





Figure 24: Flow diagram demonstrating the calculation of the hygiene score. Note that this score increases with 
increasing hygiene provision. Consequently, higher scores represent less exposure to the parasites. 
 
3.5.9. Calculation of the combined water and sanitation, and sanitation and hygiene 
scores 
Possible associations between the infection intensities, and combinations of WASH were also investigated. 
After excluding the top 5% of the sanitation and the hygiene scores, the water, sanitation, and hygiene scores 
were normalized by dividing by their respective new maxima. This exclusion of the top 5% of schools mitigated 
any impact of a few very high sanitation and hygiene scores, on their normalization. Such high scores resulted 
from errors in the collection and input of data, in particular those pertaining to the numbers of students and 
latrines. The lowest scores, on the other hand, were not excluded. This is because the minimal score of zero was 
more plausible (reflecting either no latrines or no hygiene provisions), and because only the maximum scores 
were used in this normalization. A new water score was defined as this normalized water score, subtracted from 
one (so that higher values of the new water score reflected less potential exposure to schistosomes during water 




3.5.10. Average cleanliness and concreteness of latrines – assessing for possible 
transmission within the latrines 
The sanitation score described above assumed that where sanitation facilities were inadequate (either due to 
insufficient numbers of stalls for the students in a school, or due to unsanitary conditions of those latrines), 
children would be more likely to practice open defecation and therefore to cause transmission of S. mansoni and 
the STHs. As such, it incorporated the latrines per child ratio in a fundamental way. 
However, it's also possible that STHs might be transmitted within poorly constructed or poorly maintained 
latrines (this is much less likely for the schistosomes, on account of their need for intermediate host snails). To 
test this, new scores were calculated, representing the average, weighted by the number of stalls in each latrine, 
cleanliness and concreteness of each gender’s latrines in each school. Their calculations are shown in Figure 25. 
 
Figure 25: Flow diagram demonstrating the calculation of the concreteness and cleanliness scores. These scores were 
calculated separately for boys and girls in each school. 
For cleanliness, each latrine block was assigned zero (very unclean floor; major presence of faeces, urine, dirt, 
or refuse), one (unclean floor; some faeces, urine, dirt, or refuse), or two (clean; no faeces, urine, dirt, or refuse). 
For concreteness, blocks were assigned zero (if they likely had non-concrete floors; since they were pit latrines 
without cement slab or hanging latrines) or two (if they likely had concrete floors; since they were pit latrines 
with cement slabs, VIP latrines, composting toilets, pour flushes to pit latrines and to elsewhere, or flush toilets). 
This value was multiplied by the number of stalls in each latrine, then the sum was taken for all latrines that 
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each gender had access to. Finally, these figures were divided by the total number of latrine stalls available to 
each gender in each school. Shared latrines were included in both the boys’ and girls’ scores, but for each their 
number of stalls was halved. 
3.5.11. Parasitology summaries 
The distributions of individual-level and school-level intensities of infection were investigated, and the 
relationships between school-level prevalences and intensities of infection were explored, through the fitting of 
a previously described equation (Anderson, 1987, Anderson and May, 1991). Linear relationships between the 
logarithms of both school-level variances and school-level means of infection intensities were sought. Finally, 
negative binomial distributions were fitted to the A. lumbricoides infection intensity distributions for two 
schools; one with 90% prevalence and another with 50% prevalence. 
3.5.12. WASH summaries 
The distributions of the water, sanitation, and hygiene scores were plotted, and the ranks of the woreda-level 
averages of these scores were marked on maps. Visual inspections of these maps, and Moran’s I statistics 
(Moran, 1950), were used to look for spatial trends in these scores. P values less than 0.05 were considered 
statistically significant. Associations between latrine-level sanitation and hygiene indicators (type of sanitation, 
structural condition of floor, cleanliness of floors, cleanliness of walls, presence of flies, odour, and the presence 
of water, washbasins, and soap or ash for handwashing) were investigated using χ2 scores (Pearson, 1900) and 
Cramér’s V (Cramér, 1946, McHugh, 2013). 
3.5.13. Linking of WASH and parasitology data 
School-level arithmetic means were calculated for the infection intensities (in EPG) of the STHs and S. 
mansoni. Intensities, rather than prevalences, were used since they are more reflective of both cumulative 
exposure and morbidity, and since small changes in prevalence may be accompanied by large changes in 
intensity (Anderson, 1986). Given the extremely low S. haematobium prevalence (0.2% in all children tested), it 
was not compared with WASH. The parasitology and WASH data were matched and school names in the two 
databases were used to verify that the databases had been matched correctly. Schools with different names in the 
two databases were excluded from the analyses. Schools with missing enrolment data, and those in which fewer 
than 25 students were tested, were also excluded. A flow diagram showing these exclusions in more detail is 
provided in Figure 39 of the results. 
3.5.14. Statistical tests comparing WASH with the parasites 
In all analyses, schools with 0% prevalence of the parasite in question were excluded, on the assumption that the 
complete absence of infection most likely results from non-WASH factors such as temperature, precipitation, 
soil type, and proximity to water bodies harbouring intermediate host snails – this has been investigated by a 
 70 
 
number of workers (Mabaso et al., 2003, Brooker et al., 2004, Bethony et al., 2006, Karagiannis-Voules et al., 
2015, Lai et al., 2015). Excellent school WASH facilities and practices might prevent some infections with 
these parasites. However, it is likely that even with the best possible school WASH facilities and practices, 
children might not always practice perfect WASH-related behaviours, and might be exposed to the parasites 
away from school. 
Kendall’s τb (Kendall, 1938, Kendall, 1948), a non-parametric statistical test that compares ranks between two 
variables and corrects for tied values, was used to test the remaining schools’ WASH scores against their 
arithmetic mean intensities (in EPG). This statistic has been used in previous studies analysing different risk 
factors for helminth infection (Stephenson et al., 1986, Haswell-Elkins et al., 1989). Each WASH score was 
compared with the parasites whose life cycles provide a rationale for an association between the WASH score 
and the parasitic infection intensity; the water score (estimating exposure to potentially schistosome-infested 
water) was compared with mean intensity of S. mansoni, the sanitation score (estimating adequacy and thus a 
proxy for use of sanitation) with the mean intensities of S. mansoni and the STHs, and the hygiene score 
(estimating handwashing provisions) with those of the STHs. Similarly, the combined water and sanitation score 
was tested against the mean intensity of S. mansoni, and the combined sanitation and hygiene score was tested 
against the mean intensities of A. lumbricoides, T. trichiura, and hookworm. The average cleanliness and 
concreteness scores were tested against the STH intensities, but here the unit of analysis was boys or girls in 
each school, rather than boys and girls combined. P values lower than 0.05 were considered statistically 
significant. 
The Mann-Whitney U test (Mann and Whitney, 1947), another non-parametric test which has also previously 
been employed in the assessment of risk factors for helminth infection (Chandiwana et al., 1991, Needham et 
al., 1998, Ofoezie et al., 1998), was used to compare arithmetic mean infection intensities of S. mansoni and the 
STHs between schools with and without evidence of open defecation in the compound. Once more, P values 
lower than 0.05 were considered statistically significant. 
Age was not accounted for in any of the analyses, since the age band was narrow (over 98% of schools had a 
mean age between 11 and 13, when rounded to the nearest year, and, as mentioned above, over 99% of students 
were aged between 10 and 15 years). These ages are not generally characterised by rapid increases in worm 
burdens (Anderson and May, 1991), and while hookworm and schistosome infection intensities in a given 
community frequently rise with age (Bethony et al., 2006, Colley et al., 2014), this trend does not apply to data 
from thousands of different communities, each with its own level of parasite transmission. Indeed, no clear 
trends are apparent in the plots of school-level mean intensity of infection against school-level mean age of 
those tested (shown in Figure 26, where T. trichiura had the highest R2 value, of 0.0060, though the line of best 
fit reflects a slight decrease in average infection intensity, with average age). Similarly, data were not stratified 
by gender since preliminary analyses indicated no clear differences in infection intensities between boys and 
girls – excluding schools with zero prevalences, the arithmetic mean of differences between the genders’ (boys’ 
minus girls’) school-level arithmetic mean infection intensities were 8.6, 9.2, -27.6, and -0.4 for S. mansoni, 
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hookworm, A. lumbricoides, and T. trichiura, respectively, while the standard deviations (SDs) on these values 
were much higher (48.3, 99.4, 798.6, and 66.5, respectively). 
 
Figure 26: School-level arithmetic mean intensity of infection against school-level arithmetic mean of the age of those 
tested for A: S. mansoni, B: A. lumbricoides, C: T. trichiura, and D: hookworm, in schools with non-zero prevalences 
of each parasite. The lines of best fit are shown in blue. Their equations, the coefficients of determination (R2) and the 
number of schools (n) are presented in the upper-right corner of each graph. 
All analyses were conducted in R version 0.98.1091 (R Foundation for Statistical Computing, Vienna, Austria), 
and the Hmisc, lsr, plotrix, ape, and plyr packages were used. 
3.5.14.1. Comparisons between the WASH scores of the included and 
excluded schools 
As noted above, schools with 0% prevalence of each parasite were excluded from analyses of that parasite, on 
the grounds that students in those schools are not exposed to the parasites, due to non-WASH reasons such as 
climate. An alternative explanation is that schools with the best WASH coverage have succeeded in reducing the 
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prevalence to zero in these schools, in which case they should be included in the analysis. To explore this 
further, Mann-Whitney U tests were used to compare WASH scores between the schools with zero and non-zero 
prevalences of each parasite. 
3.5.14.2. Sanitation and hygiene score sensitivity analysis 
The importances of the aforementioned latrine-level factors (i.e., whether or not the latrine is shared with the 
other gender, how many doors it has, its kind, the structural condition of its floor, the privacy of its walls, the 
cleanliness of its floors, the cleanliness of its walls, the presence of flies, its odour, the presence of water for 
handwashing, the presence of washbasins, and the presence of soap or ash for handwashing) were investigated 
by rerunning the analyses, but with sanitation scores calculated in the following adjusted ways: 
1. With all factors set to one (that is, all factors were assumed to be inadequate in all latrines and only the 
latrine stalls per child ratio was considered)  
2. With all factors except one, set to one (that is, all factors but one were assumed to be inadequate, and 
only the remaining factor was used in the score calculation, along with latrine stalls per child) 
3. With each factor set to one (that is, one factor was assumed to be inadequate, and all the remaining 
factors were used in the score calculation, along with latrine stalls per child)  
Changes in the scores were assessed by examining the means and SDs of the ratios of the various new 
sensitivity scores, to the original sanitation and hygiene scores. Changes in their associations with the parasitic 
infection intensities were assessed by rerunning the analyses using these new sensitivity scores in place of the 
original sanitation and hygiene scores. 
Finally, graphs were plotted of the sanitation and hygiene scores against their values with all factors assumed to 
be inadequate – in order to visualise the contributions of these factors to the scores. 
3.5.15. Ethical considerations 
Ethical approval for the national mapping project was granted by the SERC of EPHI. On the Imperial College 
side, the project was covered by ethical approval granted by Imperial College Research Ethics Committee to the 
SCI for surveillance and monitoring activities for the evaluation of national control programs for control of 
neglected tropical diseases (reference: ICREC_8_2_2). Informed written consent was sought from each school 
director, while informed verbal consent was sought from each child providing samples and receiving 
anthelmintic treatment. All students tested were treated with 400 mg of albendazole, while all positive 
schistosomiasis cases were treated with 40 mg/kg body weight of praziquantel, using height measured against a 
tablet pole as a proxy (WHO, 2011). 
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Chapter 4. Results and discussion of the systematic review and meta-
analysis 
4.1. Study selection 
The searches and bibliographies of previous reviews returned 9,114 studies, 5,404 of which were unique (Figure 
27). 
 
Figure 27: Flow diagram demonstrating identification, inclusion, and exclusion of studies. Studies were identified 
through searches and scanning the bibliographies of recent and similar systematic reviews. Studies were scanned by title, 
abstract and then full paper. 90 datasets were identified, and three separate analyses were carried out: one for safe water 
supplies and Schistosoma infection, one for adequate sanitation and S. mansoni infection, and one for adequate sanitation 
and S. haematobium infection. 
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Finally, 44 relevant studies containing 90 datasets were identified. These 90 datasets consist of 54 datasets 
comparing safe water with schistosomiasis (35 on S. mansoni, 17 on S. haematobium, and two on S. japonicum), 
24 comparing adequate sanitation with S. mansoni, and 12 comparing adequate sanitation with S. haematobium. 
No eligible studies compared sanitation with S. japonicum, or hygienic practices with Schistosoma infection 
rates, so meta-analyses were not conducted for these associations. A number of studies discussed related topics 
such as the survival of free-living schistosome stages or the relationship between water supplies and water 
contact. These did not meet the inclusion criteria and were therefore excluded from the systematic review, but 
discussed in the qualitative review presented in Chapter 5. 
Safe water sources were most commonly described as ‘tap’ or ‘piped’ (24 datasets), followed by ‘borehole’, 
‘well’, or ‘standpipe’ (18 datasets), and ‘not using environmental water bodies such as rivers and lakes’ (four 
datasets), then by ‘adequate source of drinking water’ (three datasets), not using ‘unsafe’ water, and ‘domestic 
drinking water’ (two datasets each). The remaining dataset referred to ‘clean household water’. In the sanitation 
and S. mansoni analysis, adequate sanitation was mostly described as a ‘latrine’ (12 datasets), followed by 
‘latrine or flush toilet’ (six datasets). Two datasets referred to each of ‘septic tank’ or ‘cesspool’, ‘sewer 
connection’ or ‘latrine’, and ‘sewerage’. In the sanitation and S. haematobium analysis, adequate sanitation was 
most commonly described as a ‘latrine’ (eight datasets), followed by ‘latrine’ or ‘flush toilet’ (two datasets), and 
finally by ‘septic tank’ or ‘cesspool’, then ‘toilet’ (one dataset each). 
Studies most commonly included children and adults (21 studies). Another 19 studies included only children 
(i.e. individuals below the age of 18 years, or in school), while four studies were of adults only. The included 
studies were most commonly from Africa (21 studies). Another 17 studies were from Brazil. The remaining six 
studies were from Asia (four in Yemen and two in the People’s Republic of China). The most common language 
was English (40 studies), and the remaining four studies were in Portuguese. Three studies had case-control 
designs, while the remaining 41 contained descriptive cross-sectional data. Study quality was generally low, 
with water and sanitation rarely being defined in a uniform way, or assessed through inspections. Furthermore, 
very few studies provided data split according to confounders such SES.  
Of the 21 studies whose authors were contacted, data were only provided for the studies by Arndt et al. (2013), 
Fürst et al. (2013), Knopp et al. (2013a), Knopp et al. (2013b), and Sady et al. (2013). 
4.2. Water and Schistosoma 
4.2.1. Results of individual studies and synthesis of results 
Access to safe water sources was found to be associated with a significantly lower odds of schistosome infection 
(OR = 0.53, 95% CI: 0.47 to 0.61). This association held for S. haematobium (OR = 0.57, 95% CI: 0.45 to 0.71), 
for S. japonicum (OR = 0.37, 95% CI: 0.30 to 0.46), and for S. mansoni (OR = 0.53, 95% CI: 0.45 to 0.63). The 
details of the studies comparing access to safe water supplies with Schistosoma infection, along with their 
quality assessment scores, are shown in Appendix 4. The respective forest plot is given in Figure 28, in which 
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the symbol next to each study’s effect size denotes whether the participants were children (<18 years of age or 
in school), adults, or a combination.  
 
Figure 28: Forest plot for schistosome infection according to availability or use of a safe water source. Studies on S. 
haematobium are grouped at the top in blue, followed by those on S. japonicum in red, and those on S. mansoni in green. The 
square sizes represent the weight given to each dataset, and the black horizontal lines represent 95% CIs. For each species 
the rhombus is centred on the combined effect size, and its width represents the 95% CI. I2 estimates are presented beneath 
each combined effect size (except for S. japonicum, since two studies is insufficient for the I2 calculation). The combined 
effect size for all human schistosome species is presented at the bottom. 
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Of the 54 datasets to report Schistosoma infection according to access to safe water source, 29 reported infection 
rates to be significantly lower in those with safe water. Another 24 reported no significant difference, while one 
dataset found significantly higher infection rates in those with access to safe water. 
4.2.2. Risk of bias, sub-group analysis, and sensitivity analysis 
Publication bias was deemed unlikely, given the symmetrical funnel plot (see Figure 29, below) and Egger’s test 
(P = 0.84). 
These studies demonstrated high heterogeneity, with a Higgins’ I2 value of 83% (95% CI: 79 to 86%), which 
was not much reduced by dividing the datasets according to species – for S. haematobium (17 datasets), I2 was 
81% (95% CI: 69 to 87%), for S. mansoni (35 datasets) it was 79% (95% CI: 71 to 84%), and it could not be 
calculated for the S. japonicum meta-analysis, since only two datasets pertained to this species. Further sub-
analyses divided the datasets according to participants’ ages (children, adults, or both), location of water source 
(household, community, or not specified), and continent (Africa, South America, or Asia). 
 
Figure 29: Funnel plot for the safe water and schistosome meta-analysis. 
Studies of children (19 datasets, OR = 0.49, 95% CI: 0.35 to 0.68, I2 = 82%), adults (five datasets, OR = 0.56, 
95% CI: 0.44 to 0.72, I2 = 0%), and studies including both adults and children (30 datasets, OR = 0.54, 95% CI: 
0.46 to 0.63, I2 = 86%) all showed similar effect sizes to the overall water meta-analysis. 
Access to a household source rather than environmental source such as a river or lake (four datasets, OR = 0.57, 
95% CI: 0.28 to 1.17, I2 = 89%) or a household rather than an undefined source (13 datasets, OR = 0.59, 95% 
CI: 0.46 to 0.76, I2 = 64%) also showed similar results to the overall water meta-analysis, as did access to a 
community rather than environmental source (14 datasets, OR = 0.60, 95% CI: 0.47 to 0.76, I2 = 91%). A 
further 23 datasets did not specify if the safe water supplies were available in the household or in the 
community. These also had a similar OR to the overall meta-analysis (0.45, 95% CI: 0.36 to 0.56, I2 = 74%). 
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Water supplies had similar ORs for infection in Africa (31 datasets, OR = 0.52, 95% CI: 0.43 to 0.62, I2 = 86%) 
and South America (17 datasets, all from Brazil, OR = 0.59, 95% CI: 0.47 to 0.76, I2 = 76%). However, the six 
datasets from Asia had a lower OR, and demonstrated less heterogeneity (OR = 0.43, 95% CI: 0.34 to 0.54, I2 = 
51%). 
The sensitivity of this analysis was tested by removing all ten datasets contributed by Farooq et al. (1966a). This 
did not lead to a great change in the findings; in this case the overall OR was 0.52 (95% CI: 0.44 to 0.61) and I2 
remained high at 79%. 
4.3. Sanitation and S. mansoni 
4.3.1. Results of individual studies and synthesis of results 
Overall, adequate sanitation was found to be associated with significantly lower odds of S. mansoni infection 
(OR = 0.59, 95% CI: 0.47 to 0.73). These studies are summarised and their quality assessment scores presented 
in Appendix 5, and their individual and overall combined effect sizes are shown in Figure 30, in which the 
symbol next to each study’s effect size denotes whether the participants were children (<18 years of age or in 
school), adults, or a combination.  
 
Figure 30: Forest plot for S. mansoni infection according to access to adequate sanitation. The square sizes represent 
the weight given to each dataset, and the black horizontal lines represent 95% CIs. The rhombus is centred on the combined 
effect size, and its width represents the 95% CI. The I2 estimate is presented beneath the combined effect size. 
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Of the 24 datasets (in 18 studies) reporting S. mansoni infection rates according to access to adequate sanitation, 
12 reported significantly lower infection rates among those with adequate sanitation. A further 11 datasets found 
no significant difference, while one dataset found adequate sanitation to be associated with a significantly higher 
odds of infection. 
4.3.2. Risk of bias, sub-group analysis, and sensitivity analysis 
The funnel plot for sanitation and S. mansoni was roughly symmetrical (see Figure 31), although Egger’s test 
revealed a P value of 0.10, suggesting that publication bias is possible. Higgins’ I2 demonstrated heterogeneity 
in these datasets, with a value of 89% (95% CI: 86 to 92%). 
The following sub-analyses were conducted to determine whether there are differences in age of participants, 
type of sanitation, or geography that could account for any of this heterogeneity. 
 
Figure 31: Funnel plot for the adequate sanitation and S. mansoni meta-analysis. 
Studies of children (seven datasets, OR = 0.54, 95% CI: 0.41 to 0.72, I2 = 51%) and studies including both 
adults and children (16 datasets, OR = 0.61, 95% CI: 0.47 to 0.81, I2 = 92%), both showed similar effect sizes to 
the overall sanitation and S. mansoni meta-analysis. Only one study (Fürst et al., 2013) compared sanitation 
with S. mansoni infection in adults; this had an OR of 0.63 (95% CI: 0.06 to 6.19). 
The 12 datasets comparing S. mansoni with ‘latrine’ had an overall OR of 0.54 (95% CI: 0.42 to 0.71, I2 = 92%). 
Six datasets compared S. mansoni infection with ‘latrine’ or ‘flush toilet’; these had an overall OR of 0.58 (95% 
CI: 0.41 to 0.82, I2 = 53%). Two more datasets compared infection with ‘septic tank’ or ‘cesspool’. Their overall 
OR was 0.77 (95% CI: 0.51 to 1.17, I2 not calculable). Another two datasets considered ‘sewerage’, and their 
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overall OR was 0.44 (95% CI: 0.09 to 2.12, I2 not calculable). The remaining two datasets compared S. mansoni 
infection with ‘sewer’ or ‘latrine’. These had a combined OR of 1.65 (95% CI: 0.29 to 9.37, I2 not calculable). 
The 12 datasets from South America (all Brazil) had an overall OR of 0.79 (95% CI: 0.54 to 1.15, I2 = 86%). 
Ten more datasets were from Africa, and had an overall OR of 0.46 (95% CI: 0.36 to 0.59, I2 = 89%). The 
remaining two studies were carried out in Asia (both in Yemen) – these had an overall OR of 0.38 (95% CI: 
0.08 to 1.90, I2 not calculable). 
In the sensitivity analysis, the impact of removing the five datasets contributed by Farooq et al. (1966a) was 
investigated. The OR increased to 0.68 (95% CI: 0.52 to 0.89, I2 = 81%). 
4.4. Sanitation and S. haematobium 
4.4.1. Results of individual studies and synthesis of results 
Sanitation was associated with a significantly lower odds of S. haematobium infection, with an OR of 0.69 (95% 
CI: 0.57 to 0.84). Eight studies containing 12 datasets comparing S. haematobium infection with sanitation were 
included in this analysis. These are summarised, and their quality assessment scores presented, in Appendix 6. 
Their individual and combined effect sizes are shown in Figure 32, in which the symbol next to each study’s 
effect size denotes whether the participants were children (<18 years of age or in school), adults, or a 
combination. Five datasets reported a significantly lower odds of S. haematobium infection among those with 
adequate sanitation, and none of the remaining seven showed a significant difference in odds of infection. 
 
Figure 32: Forest plot for S. haematobium infection according to access to adequate sanitation. The square sizes 
represent the weight given to each dataset, and the black horizontal lines represent 95% CIs. The rhombus is centred on the 
combined effect size, and its width represents the 95% CI. The I2 estimate is presented beneath the combined effect size. 
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4.4.2. Risk of bias, sub-group analysis, and sensitivity analysis 
The funnel plot for this analysis was roughly symmetrical (see Figure 33), and Egger’s test returned a P value of 
0.21, suggesting that publication bias is unlikely. Higgins’ I2 revealed high heterogeneity with a value of 82% 
(95% CI: 68 to 88%), and the following sub-analyses were used to explore this heterogeneity. 
 
Figure 33: Funnel plot for the adequate sanitation and S. haematobium meta-analysis. 
Studies of children (five datasets, OR = 0.69, 95% CI: 0.53 to 0.89, I2 = 0%), and studies including both adults 
and children (six datasets, OR = 0.67, 95% CI: 0.51 to 0.88, I2 = 91%) both showed similar effect sizes to the 
overall sanitation and S. haematobium meta-analysis. Only one study (Abou-Zeid et al., 2012) compared 
sanitation with S. haematobium infection in adults; this had an OR of 0.85 (95% CI: 0.59 to 1.21). 
Eight studies compared S. haematobium infection with ‘latrine’ access. These had an overall OR of 0.71 (95% 
CI: 0.55 to 0.90, I2 = 88%). Two more studies compared infection with ‘latrine’ or ‘flush toilet’. These had a 
combined OR of 0.82 (95% CI: 0.54 to 1.26, I2 not calculable). The remaining two studies defined sanitation as 
‘toilet’ (Awoke et al., 2013) and ‘septic tank or cesspool’ (Al-Waleedi et al., 2013). These had ORs of 0.50 
(95% CI: 0.29 to 0.84) and 0.62 (95% CI: 0.38 to 1.00), respectively. The nine datasets from Africa had a 
combined OR of 0.68 (95% CI: 0.54 to 0.86, I2 = 86%), and the three from Asia (all Yemen) had a much lower 
value of I2 (OR = 0.73, 95% CI: 0.53 to 1.00, I2 = 0%). 
In the sensitivity analysis, the five datasets from Farooq et al. (1966a) were removed. This reduced I2 to 21% 
and, although sanitation was still associated with significantly less infection (OR = 0.77, 95% CI: 0.60 to 0.98), 




This is the first systematic review of the association between WASH and Schistosoma infection. Access to safe 
water supplies were found to be associated with significantly less infection with S. haematobium, S. mansoni, 
and S. japonicum, while adequate sanitation was found to be associated with significantly less infection with 
both S. mansoni and S. haematobium. No observational studies were found assessing the association between 
good hygiene, defined as the use of soap during water contact, and Schistosoma infection. 
Schistosome cercariae are susceptible to water treatment and even to water storage (Jones and Brady, 1946, 
Jones and Brady, 1947, Coles and Mann, 1971, Ayad, 1974), so it is reasonable to assume that piped water 
should not pose a risk of transmission. Thus the ability of safe water sources to prevent Schistosoma infection 
would depend on how well they prevent dermal contact with schistosome-infested environmental water bodies. 
Jordan et al. (1975) found that provision of piped water to the household was much more effective than 
centralised community access in preventing water contact and reducing schistosomiasis transmission. However, 
this systematic review revealed similar ORs for household access and community access (OR = 0.57, 95% CI: 
0.28 to 1.17 for household access rather than use of environmental water bodies, and OR = 0.60, 95% CI: 0.47 
to 0.76 for community access rather than use of environmental water bodies). Two observational studies were 
identified, comparing schistosome infection rates in people with household access and community access 
(Siegal, 1968, Bakr et al., 2009), but again, neither study reported significantly lower infection rates in people 
with household rather than community water supplies. These studies were not included in the meta-analyses 
since both household and community water sources were ‘safe’, and thus these studies did not meet the 
inclusion criteria. 
Schistosome eggs are released in the urine and the faeces of human hosts, but to sustain transmission an egg 
must enter freshwater and hatch to release a miracidium, which then infects an intermediate host snail (Colley et 
al., 2014). This infected host snail will later release cercariae, which may infect people coming into contact with 
the water. Thus sanitation’s impact upon schistosome transmission is dependent upon its ability to reduce faecal 
or urinary contamination of freshwater containing intermediate host snails, rather than contamination of the 
environment in general. Furthermore, owing to exponential reproduction of the parasite within the intermediate 
host snail, even small numbers of schistosome eggs entering freshwater may give rise to a disproportionately 
large risk of infection in people coming into contact with that water (Ayad, 1974). 
The high heterogeneity throughout the meta-analyses could not be attributed to differences in any one of: the 
schistosome species, ages of study participants, type of sanitation, location of water source, or geography of 
study (stratified by continent). Perhaps such heterogeneity could be due to a combination of many setting-
specific community, ecological, and occupational factors such as the above, presence of intermediate snail hosts, 
and reasons for water contact, and the input of miracidia into the water. A recent geographical analysis of 
national survey and demographic health survey data found absence of piped water to be associated with 
significantly increased infection with S. haematobium, but absence of a toilet facility to be associated with a 
significantly lower odds of S. mansoni infection (Soares Magalhães et al., 2011). These findings perhaps reflect 
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that the aforementioned factors are much stronger predictors of infection than WASH, and, for example, people 
without adequate WASH may remain uninfected due to a lack of snail intermediate hosts in the locality. 
Similarly, some studies in this meta-analysis may have included people with inadequate WASH who were 
nevertheless not exposed to schistosomes due to a lack of intermediate host snails nearby, or people with 
adequate WASH but nevertheless exposed to schistosomes, for example during activities such as fishing. 
The lack of observational studies comparing Schistosoma infection in people who do and do not use soap during 
water contact, perhaps reflects the fact that hygienic practices can be more temporary than access to water or 
sanitation infrastructure. However, in Ethiopia, Erko et al. (2002) found that after the distribution of soap bars 
containing endod, the prevalence of schistosome infection in women dropped significantly. 
Perhaps the biggest limitation of this meta-analysis is the possibility of socioeconomic confounding. People of 
higher SES generally have access to better water and sanitation, and are frequently protected from schistosome 
infection by various non-WASH factors (Hotez et al., 2007, Muhumuza et al., 2009, King, 2010). They 
frequently have better knowledge of the parasites; their life cycles, the symptoms they cause, and the treatments 
available for them. They also frequently suffer less exposure to schistosomes during work, since people of lower 
SES generally have occupations causing the highest exposure (such as fishing, sand harvesting, canal cleaning, 
and car washing). Absence from school might prevent children of low SES from receiving treatment in PC 
programmes (Husein et al., 1996). Conversely, it has been suggested that schistosomiasis might be a cause of 
low SES, since disability caused by heavy and prolonged infection might prevent employment (Hotez et al., 
2007, King, 2010). 
Farooq et al. (1966a) found that people without latrines showed a higher prevalence of schistosome infection, 
but that this difference was no longer apparent if the analysis was carried out separately for the sub-populations 
living in houses made of mud, or bricks, respectively. It was concluded that the higher infection rates were due 
to lower SES, which could be measured by house construction or by access to sanitation, rather than any 
reduction of schistosomiasis transmission arising due to sanitation. Similarly, in Brazil, Gazzinelli et al. (2006b) 
found significantly higher infection rates in households without either a motorcycle or a car, another indicator of 
low SES. Safe water supplies are also more prevalent amongst those of higher SES, meaning that possible 
confounding by SES potentially runs through all the meta-analyses presented here. On the other hand, WASH 
can depend on environmental and other factors, in addition to SES. An example is provided by Barbosa et al. 
(2013), who compared two rural Brazilian communities and found better sanitation in the community of lower 
SES. Unfortunately, very few studies reported data that were stratified according to, or adjusted for, SES. 
All studies containing data used in the meta-analysis were cross-sectional, and most were multivariable 
analyses, which analysed the importance of various risk factors (including absence of water and sanitation) for 
Schistosoma infection. As such, they were not focussed on WASH and often did not precisely define the water 
and sanitation available to, or used by, participants, or indeed distinguish between availability and use of safe 
and adequate WASH. This has also led to imprecisely defined WASH (particularly in the case of those lacking 
the safe water or adequate sanitation of interest). Regarding sanitation, it was rare for a study to define where 
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latrines or toilets drained to, and some of the sanitation included as adequate may have drained directly into 
lakes or rivers, thereby facilitating schistosome transmission. In addition to non-WASH risk factors, some 
studies considered multiple definitions for safe water and/or adequate sanitation. For example, Ximenes et al. 
(2003) report on odds of schistosome infection in people with access to one of four categories of sanitation, and 
one of three categories of water supply. For water and sanitation separately, one of the categories was defined as 
a reference category, and the odds of infection in people in the other categories was reported relative to that in 
the reference category. As discussed in Section 3.1.3, in such cases, all estimates were included. It is possible 
that other studies assessed multiple water or sanitation risk factors for schistosome infection, but did not report 
on those that were not significantly associated with infection. If such multiple testing did occur, it would have 
increased the chance of some statistically significant associations being found in the data despite the lack of true 
associations between WASH and infection. On the other hand, the funnel plots and Egger’s tests did not suggest 
that such forms of publication bias were a serious problem. 
Very few studies carried out quality control of the schistosomiasis diagnosis (e.g., reading a random sample of 
10% of Kato-Katz thick smears by a senior laboratory technician), and none carried out quality control of the 
WASH data collection (e.g., spot checks verifying that reported data on availability and use of sanitation are 
correct). 
WASH was always assessed through questionnaires rather than direct inspection. Furthermore, the included 
studies always compared WASH directly with schistosome infection rates. New research of the relationship 
between WASH, human exposure through water contact, human contamination of freshwater, cercarial, 
miracidial, and snail populations, and infection rates is needed, in order to provide a deeper understanding of the 
relationship between WASH and the transmission likelihood of schistosomes. Very few studies reported WASH 
in a way that allowed for comparison with the JMP definitions (WHO and UNICEF, 2015). This observation is 
explained by the fact that the JMP definitions were first put forward only in 2000 (WHO et al., 2000), and have 
been further developed subsequently. Many of the included studies were conducted before this. In addition, 
people’s use of different water supplies and sanitation may vary with activities and season (Stephenson et al., 
1986). Therefore the dichotomisation of water supplies into ‘safe’ and ‘unsafe’, and of sanitation into ‘adequate’ 
and ‘inadequate’ risks oversimplifying access to WASH. 
Data on infection with different intestinal parasites were often aggregated, with WASH variables presented as 
risk factors for infection with any parasite. In many cases E-mail addresses were not available, or no replies 
were received. It was therefore not possible to include these studies, despite the fact that the authors had 
collected data that would qualify for inclusion. 
In order to avoid some of these common shortcomings of previous studies comparing WASH with 
schistosomiasis, future studies should: 
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i. Have diagnostic quality control performed by a senior laboratory technician 
ii. Account for the SES (perhaps through the presence of household assets such as televisions or 
motorcycles) and schistosomiasis-related knowledge of study participants 
iii. Define access to water and sanitation according to the JMP definitions 
iv. Assess WASH through inspections rather than questionnaires 
v. Consider the presence of additional WASH infrastructure such as sinks and showers, in addition to 
boreholes and latrines 
vi. Account for the main reasons for water contact and the locations of local transmission foci, along with 
the numbers of snails, miracidia, and cercariae in the water 
vii. Reduce publication bias by presenting results on all risk factors examined, rather than only those 
significantly associated with infection 
Of note, many of the factors highlighted here are also relevant for other NTDs. 
Water contact and thus schistosome transmission, typically takes place outside the home – public exposure – 
rather than within the household – domestic exposure (Dalton and Pole, 1978, Kloos et al., 1998). The 
individual is exposed to cercariae released by snails infected not just by him- or herself but also by his or her 
neighbours. With this in mind, one may expect water, and particularly sanitation, to be most strongly associated 
with schistosome infection at the community- rather than the household-level, as has been suggested for other 
diseases (Esrey and Habicht, 1986). However, very few analyses have compared schistosome infection rates 
between communities with different levels of WASH. As mentioned earlier, Yang et al. (2009) did adopt such 
an approach and found S. japonicum infection rates to be significantly lower in communities where more than 
50% of people used ‘hygienic lavatories’. 
Schistosome transmission differs markedly from that of the STHs, in that the former requires the presence of a 
water body containing intermediate snail hosts, an input of schistosome eggs into that water, and dermal contact 
with the water, while the latter simply requires defecation onto soil in a suitable climate, followed by the 
ingestion of eggs that develop in the soil, or dermal contact with larvae that develop in the soil. The water 
bodies needed for schistosome transmission are rarely present within the household compound. Therefore, 
schistosome transmission generally takes place in the public domain. That is, people are exposed to cercariae 
that have developed from eggs that are in the environment due to others’ open urination or defecation – although 
there are examples from Brazil, of schistosome transmission taking place in and around the household 
compound (Bradley, 1968). STH transmission on the other hand, is better able to take place at home (within the 
domestic domain), since it does not rely upon intermediate snail hosts, and since the home environment is the 
one that many people are most exposed to. However, the relative importances of the public and domestic 
domains in the transmission of these parasites may vary. A study investigating the impact of drainage and 
sewerage on STH prevalence and diarrhoea incidence in Salvador, Brazil found that as the intervention reduced 
transmission in the public domain, household characteristics become more strongly associated with STH 
infection (Moraes et al., 2003, Moraes and Cairncross, 2004, Moraes et al., 2004). 
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Meta-analyses of observational data have the advantage of building large sample sizes through the inclusion of 
many different studies. However, significant associations between WASH and schistosome infection may result 
from confounding by SES and other factors. In some settings, everyone has contact with infectious water and 
SES is unimportant (Huang and Manderson, 1999, Gazzinelli et al., 2006b). Conversely, in many other settings, 
people with higher SES have better WASH but are also protected from infection by virtue of having deeper 
health-related knowledge, better healthcare and access to treatment, and less occupational exposure to infested 
water (Farooq et al., 1966b, Bethony et al., 2001, Pullan et al., 2008).  
4.6. Conclusions 
A systematic review and meta-analysis found both safe water supplies and adequate sanitation to be associated 
with significantly lower odds of Schistosoma infection. However, the high I2 values throughout the analyses 
suggest that the impact of water and sanitation on schistosome transmission varies widely between settings. This 
heterogeneity is likely to arise due to a combination of factors, and it could not be attributed to any one of: age 
of study participants, continent of study, species of schistosome, location of water source, or type of sanitation. 
Publication bias was deemed unlikely, given the roughly symmetrical nature of the funnel plots (Figures 29, 31, 
and 33). Regarding sensitivity, Farooq et al. (1966a) contributed ten datasets to the water meta-analysis, and 
five to each of the sanitation meta-analyses. Removing these datasets did not cause a great change in the water 
analysis, but it did increase the ORs in the sanitation analyses. 
This meta-analysis lends support to more consideration of environmental factors and living conditions in 
schistosomiasis control, and adds to the growing body of evidence about the relationship between WASH and 
NTDs. Previous meta-analyses have found significant associations between sanitation and STH infection 
(Ziegelbauer et al., 2012), WASH and STH infection (Strunz et al., 2014), and WASH and trachoma (Stocks et 
al., 2014). This meta-analysis has the advantage of using large datasets to compare the exposure of interest 
(inadequate WASH), with the outcome of interest (schistosome infections). However, the possible confounding 
caused by factors such as SES represents a drawback of this approach. 
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Chapter 5. A qualitative review of the literature on water, sanitation, and 
hygiene for the prevention of schistosome transmission 
5.1. Background 
Schistosomiasis control aims to reduce the propagation of various life cycle stages, and the schistosome life 
cycles differ from those of other water-related pathogens, with important ramifications for environmental 
control. Schmidt (2014) recently discussed the difficulties inherent in assessing the impact of water and 
sanitation on disease, and drew attention to the lack of research on the causal pathways through which water and 
sanitation may impact on health. Similarly, Spear (2013) has called for evaluation of environmental pathogen 
concentrations, in both the prediction and evaluation of risk of infection. 
In this section, behavioural, biological, and experimental studies pertaining to WASH for schistosomiasis 
control are reviewed. The current state of research regarding WASH for schistosomiasis control is summarised, 
highlighting current gaps in the literature. This qualitative review was written alongside the systematic review 
(methods in Section 3.1 and results in Chapter 4), and it also explores potential reasons for the considerable 
heterogeneities revealed by that work. 
5.2. Human water contact in relation to safe water supplies 
Human contact with cercaria-infested water causes Schistosoma infection. Therefore, if such water contact could 
be completely prevented, then transmission of the parasite would stop. However, even if safe water supplies 
reduce such water contact, they may not completely prevent it. The proportion of water contact that continues 
with safe water supplies may vary widely between different groups of people and between settings, as a result of 
cultural, environmental, and socioeconomic differences. Furthermore, it is not clear that the amount of water 
contact is necessarily the limiting factor in schistosome infections, since a host’s immunity and physiology – for 
example skin thickness – also play a role in preventing infection. If immunity and physiology, rather than the 
amount of water contact, are the limiting factors in schistosome infections, then water supplies that reduce – but 
do not completely prevent – water contact, may have little impact on the overall transmission of schistosomes. 
Schistosomes infect people primarily by penetrating the skin (Colley et al., 2014), although experiments with 
human schistosomes in monkeys (Leiper, 1915b), and Schistosoma bovis in goats (Boulanger et al., 1999), 
suggest that drinking infested water can also cause infection. Early studies found that cercariae could pass 
through sand filters (Jones and Brady, 1946, Jones and Brady, 1947), but they are susceptible to chlorination 
(Coles and Mann, 1971), and flocculation with Moringa oleifera (Olsen, 1987). Cercariae are non-feeding, and 
hence they cannot survive for more than one or two days without infecting a definitive host. Whitfield and 
colleagues (2003), for example, observed that both the survival and the infectivity of S. mansoni cercariae 
begins to decrease after around 10 hours in the water, with very few lasting for longer than 20 hours in the water 
(Whitfield et al., 2003). Water storage for 24 to 48 hours before use has therefore long been advocated as a way 
to prevent schistosome infection – even as far back as 1915 (Leiper, 1915a, Jordan, 2000). The production of 
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cercariae requires the presence of snails in addition to faecal or urinary contamination. Consequently, water 
from improved sources – as defined by the JMP (WHO and UNICEF, 2015) – could reasonably be expected to 
be schistosome-free. Therefore, water might be considered ‘safe’ in terms of schistosomiasis if it is from a 
source defined as improved by the JMP, or has not contained an intermediate host snail for at least 48 hours. 
While safe water – as defined above – is unlikely to contain cercariae, its provision will often not prevent all 
human contact with infested water. In some settings, activities such as fishing, sand harvesting, and car washing 
account for considerable occupational water contact that safe water supplies would not prevent (Tayo et al., 
1980, Pinot de Moira et al., 2007, Black et al., 2010). Similarly, in the People’s Republic of China, groups such 
as flood relief workers, irrigation workers, canal cleaners, and tourists have suffered particularly high exposure 
to infested water (Song et al., 1998, Utzinger et al., 2001). In Brazil, Massara et al. (2004) found that people 
who crossed streams were at significantly higher risk of S. mansoni infection, and therefore inferred that 
providing water supplies would do little to interrupt transmission. 
Quantification of water contact is central to the consideration of how much exposure might be prevented with 
safe water supplies. Some studies have used the product of area of body surface exposed to the water and 
duration of exposure (Ross et al., 1998a, Ross et al., 1998b, Gazzinelli et al., 2006a, Kloos et al., 2006). Others 
(Chandiwana and Woolhouse, 1991, Kloos et al., 1998, Scott et al., 2003) have weighted exposure according to 
the time of the day, since cercaria concentrations follow diurnal cycles, peaking around midday for S. mansoni 
and S. haematobium, and at night for S. japonicum (Rowan, 1958, Kawashima et al., 1985, Ahmed et al., 2006). 
Seasonality has also been accounted for, since snail numbers, and thus the risk of infection, varies according to 
changes in temperature, rainfall, and irrigation practices (Hira, 1975, Babiker et al., 1985, Vera et al., 1995, 
Muhoho et al., 1997, Oliveira et al., 2013). Tiglao and Camacho (1983) found that activities such as bathing and 
washing farm animals, which involved little movement in the water, were the strongest predictors of 
S. japonicum infection, suggesting that movement during water contact may be another important determinant 
of infection. 
Laundry, bathing, and recreational swimming are often among the activities causing the most exposure to 
cercaria-infested water, while the collection of water for drinking may be relatively unimportant, frequently 
involving the immersion of small areas of body surface, for relatively short durations (Jobin and Ruiz-Tiben, 
1968, Tayo et al., 1980, Klumpp and Webbe, 1987, Ozumba et al., 1989, Ndamkou and Ratard, 1990, Muchiri 
et al., 1996, Amazigo et al., 1997, Ofoezie et al., 1998, Useh and Ejezie, 1999, Omonijo et al., 2013). 
Furthermore, recreational swimming is often engaged in by children, while in many settings laundry is carried 
out by women, accompanied by their young children who simultaneously are exposed to cercariae and, if 
infected, contaminate the water with eggs in their urine or faeces (Dalton, 1976, Stephenson et al., 1986, 
Mafiana et al., 2003, Ekpo et al., 2010, Garba et al., 2010, Ekpo et al., 2012, Stothard et al., 2013, Poole et al., 
2014). The provision of safe and adequate facilities, such as sinks with adequate privacy and drainage for 
laundry and bathing, and safe areas for recreational swimming, is therefore key to the prevention of Schistosoma 
infections in children. Where such facilities are not available, or safe water is scarce, it may be used for drinking 
and cooking but laundry and bathing may continue to cause contact with infested water (Farooq and Mallah, 
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1966, Teklehaimanot and Fletcher, 1990). In Nigeria, Akogun (1990) found that the ratio of people to wells in 
four rural communities was significantly associated with the S. mansoni and S. haematobium prevalences. Data 
from the Gezira-Managil irrigation scheme in Sudan, and Riche Fond in St. Lucia, showed that as the amount of 
safe water consumed per capita increased, S. mansoni prevalence decreased, until a per capita consumption of 
about 70 l/day, after which it levelled off, apparently due to residual agricultural and recreational water contact 
that the water supplies could not prevent (Tameim et al., 1987). 
‘Comprehensive’ water supplies – those that include facilities such as washing sinks, showers, and even 
swimming pools, have shown success in removing laundry, bathing, and recreational swimming from 
schistosome transmission sites. Pitchford, in a series of studies conducted in South Africa in the late 1960s, 
investigated the effect of providing swimming pools, water supplies, sanitation, fencing along water bodies, and 
chemotherapy with hycanthone and ambilhar (Pitchford, 1966, Pitchford, 1970). The prevalences of both 
S. haematobium and S. mansoni gradually decreased over the following nine years. Jordan and colleagues, in St. 
Lucia in the 1970s, investigated the provision of water supplies, including swimming pools for recreation, 
showers, and laundry units (Jordan et al., 1975, Jordan, 1977, Jordan et al., 1978, Jordan, 1988). The 
intervention area had a significantly lower incidence of S. mansoni infection than a comparison area supplied 
with standpipes only, a result attributed to the continued use of river water for washing clothes there. More 
recently, investigation of the impact of a water recreation area on S. haematobium infection in Ghana revealed a 
significant reduction in the incidence of infection among local schoolchildren, thus demonstrating the potential 
of swimming pools to prevent reinfection following PC (Kosinski et al., 2011, Kosinski et al., 2012). 
Elsewhere, however, safe water supplies have not been used, even for those activities to which they seem best 
suited – and these activities have therefore continued to cause contact with infested river water. The principle 
underlying reasons appear to be:  
(i) Long distances to, and 
(ii) Overcrowding at safe water sources such as boreholes and standpipes (Taylor et al., 1987, Noda et 
al., 1997, Ndassa et al., 2007)  
Other important factors include: 
(iii) A lack of privacy at such sources – which is especially important when considering bathing  
(iv) The higher chemical hardness of groundwater, as a result of which more soap is needed for 
washing 
(v) The lower weight of clothing, compared to the water needed to wash that clothing – this makes it 
easier to carry clothes to the water and wash them there, than to carry water from a source to the 
home for laundry 
(vi) A preference for the flavour of river water; and 
(vii) The opportunities for social interaction during washing provided by rivers, in contrast to the case 
whereby water is collected from a safe source and the washing takes place at home (Dalton, 1976, 
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Kloos et al., 1980, El Kholy et al., 1989, Katsivo et al., 1993, Loroni-Lakwo et al., 1994, Mehanna 
et al., 1994, Muchiri et al., 1996, Gazzinelli et al., 1998, Acka et al., 2010). 
Additionally, faulty boreholes can leak oil into the water, staining clothes, and causing future water contact as 
people return to washing their clothes in the river (Chimbari et al., 1992). Local superstitions promote contact 
with infested water in some settings – flowing water is sometimes regarded as cleaner (Gwatirisa et al., 1999) or 
as ‘life-giving’ (Loroni-Lakwo et al., 1994). However, other local factors, such as the fear of crocodiles and 
hippopotamuses, may reduce water contact (Appleton and Bruton, 1979, Pinot de Moira et al., 2011), as may the 
rainy season in some settings – by increasing the availability of water at home, and by rendering river water 
muddy (Sturrock, 1989). 
 
Figure 34: Flow diagram demonstrating the roles of human water contact, and immunological and physiological 
factors, in determining schistosome infections. Point 1 demonstrates that since water from safe sources should be free of 
cercariae, provision of such water should prevent schistosome infections. However, as shown at point 2, the provision of safe 
water often does not prevent all contact with infested water. Point 3 shows another barrier to schistosome infections, namely 
the host’s immune system and physiology, which may kill invading cercariae before they can develop into adult 
schistosomes and cause pathology. Despite the host’s immunological and physiological defences, some cercariae 
successfully develop into adult worms (point 4). The relative importance of the water contact versus immunology and 
physiology, in preventing schistosome infections, is poorly understood. 
In order to cause schistosomiasis, cercariae must both encounter human hosts, as a result of the latter’s contact 
with infested water, and evade those hosts’ immunological and physiological defences, as is demonstrated in 
Figure 34. The debate over water contact versus immunology and physiology of exposed populations, as the 
limiting factor in human schistosome infections, remains unresolved and has been summarised by various 
authors (Wilkins et al., 1984a, Anderson, 1987, Seto et al., 2007). If water contact is the key determinant of 
infection intensity, then water supply improvements might have an impact on infection intensity roughly in 
proportion to the amount of water contact that they prevent. However, if immunological and physiological 
factors such as skin thickness are stronger determinants of infection (Hagan et al., 1991, Fulford et al., 1998), 
then high intensities of infection might persist given reduced but sustained human water contact. 
In St. Lucia, each age group’s proportion of all water contacts observed mirrored their proportion of the total 
S. mansoni infections (Jordan, 1972). Similarly, in Ghana, Dalton and Pole (1978) found that the amount of 
water contact was more important than age in determining S. haematobium infection, suggesting that amount of 
water contact was the most important determinant. The association between amount of water contact and 
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infection has also been found in other studies (Kvalsvig and Schutte, 1986, Mota and Sleigh, 1987, Kloos et al., 
1990, Chandiwana and Woolhouse, 1991, Zhou et al., 1998, Utzinger et al., 2000, Ximenes et al., 2003, 
Tukahebwa et al., 2013). Furthermore, GPS-assessed water contact frequency in mothers and young children 
has been found to be associated with S. mansoni reinfection at six months after baseline, although not with 
infection status at baseline (Seto et al., 2013), and water contact weighted by cercarial risk to be a significant 
predictor of S. japonicum infection even when water contact alone is not (Seto et al., 2007). However, in some 
cases, the amount of time spent near water bodies may be a poor indicator of dermal contact with that water. In 
Ethiopia, Polderman (1975) reported that some women scooping water at a river were able to do so keeping 
their hands entirely dry, and demonstrated that contact with water carried home from the water body may also 
pose a risk of infection. 
Some studies suggest that age and acquired immunity may be more important determinants of infection than 
degree of exposure (Polderman, 1979, Wilkins et al., 1984b, Barbour, 1985, Chandiwana, 1987, Etard et al., 
1995, Kabatereine et al., 1999, Scott et al., 2003, King, 2006, Black et al., 2010). The important role of 
immunity in schistosome infection was emphasised by Woolhouse et al. (2000), who estimated that fewer than 
one in a hundred contacts with infested water results in infection with S. haematobium, and fewer than one in a 
thousand results in egg output. 
While it is known that schistosome infections occur during contact with infested water, and that some contact 
with such water may result from inadequate access to safe water supplies, neither the amount of water contact 
that might be prevented through the provision of safe water, nor the impact of such a reduction in water contact 
on human infection rates, are well understood. Future research should quantify the impacts of water supplies on 
water contact arising from various activities, in people of different ages, genders, and occupations, and in 
different settings. It should also continue to use observational studies to investigate the relationship between 
human water contact and intensity of infection. This knowledge would allow the improved parameterisation of 
computer models, to determine the expected impacts of various kinds of water supply on schistosome infection 
in different groups of people. Operational research to monitor infection rates following chemotherapy and 
provision of different kinds of water supply infrastructure, including elements such as sinks and showers to 
allow people to use safe water for water-contact activities such as laundry and bathing, would provide another 
method of exploring which forms of water supply can interrupt schistosome transmission, and which other 
social and behavioural factors affect their effectiveness – as discussed above, this has already been done for a 
water recreation area (Kosinski et al., 2012). 
5.3. Sanitation to contain miracidia and prevent snail infections 
Schistosomiasis transmission might be expected to be amenable to control through adequate sanitation – defined 
as infrastructure that contains excreta – since the parasite eggs leave the definitive host in the urine or faeces. By 
preventing eggs in the excreta from entering freshwater bodies inhabited by intermediate host snails, sanitation 
should prevent snail infections. A reduction in snail infections, in turn, might be expected to reduce the 
concentration of cercariae, and hence, the risk of human infection. Miracidia in latrine pits or sewerage systems 
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cannot infect intermediate host snails. However, hygienic bathing (washing in the river following defecation) 
and reservoir hosts might provide another source of miracidia in transmission sites, and it is not clear that input 
of eggs into freshwater is necessarily a limiting factor in schistosome transmission – snail populations and the 
degree of human water contact may be more important. A given reduction in miracidia does not lead to a 
proportional reduction in cercariae and human infections, owing to the exponential reproduction of the parasite 
within the intermediate host snail. More complexity arises from the detrimental effects of schistosome infections 
on the snails, rendering theoretical predictions of the impact of sanitation on schistosome transmission 
extremely difficult. 
Sanitation systems adequate for schistosomiasis control align with those considered ‘improved’ by the JMP 
(WHO and UNICEF, 2015), which include any facility that hygienically separates human waste from human 
contact. Maldonado and colleagues, in the late 1940s, investigated the survival and hatchability of S. mansoni 
eggs in different environments, as well as the infectivity of miracidia released at different times (Maldonado and 
Acosta-Matienzo, 1948, Maldonado et al., 1949). In a latrine pit, more than 70% of eggs were found to hatch 
during their first eight hours in water. In a separate experiment, no miracidium was found to survive for longer 
than nine hours in the water. Kawata and Kruse (1966) found similar survival times for S. mansoni miracidia in 
sewage stabilization ponds. Biogas digesters have been found inhospitable to schistosome miracidia, with less 
than 1% of S. japonicum eggs viable after two months (Remais et al., 2009), a reduction explained as being due 
to a combination of sedimentation and biochemical inactivation. Thus urine and faeces in adequate sanitation 
systems are rendered safe in terms of schistosomiasis after relatively short periods of time, while it takes longer 
for other helminths such as A. lumbricoides and T. trichiura (Brown, 1927, Brown, 1928). Sewage sludge would 
have to run into water bodies containing snails within a few days in order to sustain transmission, and while 
latrines do sometimes drain directly into water bodies (Enk et al., 2010), such systems are not considered 
improved according to JMP guidelines (WHO and UNICEF, 2015). 
The presence of adequate sanitation does not necessarily guarantee its use, particularly for urination (Rollinson, 
2009). Indeed, the bulk of S. haematobium eggs reaching freshwater are thought to stem from urination directly 
into the water, largely by children during bathing and swimming (Jordan et al., 1980). Open water bodies may 
be particularly attractive sites for open defecation and urination, often by men (Tayo et al., 1980, Farooq and 
Mallah, 1966), for two more reasons: the availability of water for washing following defecation and the privacy 
afforded by vegetation, which might be absent elsewhere in the area (Chandiwana, 1986). In Sudan, privacy was 
found to be more important than the presence of water for washing (Cheesmond and Fenwick, 1981, Fenwick et 
al., 1982), and this observation was confirmed in subsequent studies in Nigeria and Senegal (Akogun and 
Akogun, 1996, Sow et al., 2004). Such practices vary according to local attitudes: in Brazil and in Ethiopia, 
people were found to avoid defecating into or near open water bodies which were used for drinking water and 
bathing (Mota and Sleigh, 1987, Polderman, 1975). 
Faeces need not enter the water immediately to sustain transmission – those left near water bodies may be 
washed in during rain or flooding of the river banks, or may be trodden into the river by people or animals 
(Jordan et al., 1980, Kloos and Lemma, 1980, Chandiwana, 1986). Eggs of different schistosome species have 
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different longevities – S. mansoni can survive for up to about eight days out of the water, while S. japonicum 
eggs may survive for several weeks (Maldonado et al., 1949, Feachem et al., 1983). 
Even if people always use adequate sanitation, it is possible that viable eggs may wash off from the body or 
from soiled clothing, into the water (Husting, 1970, Polderman, 1975, Jordan et al., 1980, Chandiwana, 1986, 
Rollinson et al., 2013). In Senegal, it was found that hygienic bathing (washing in the river following 
defecation) can put significant numbers of schistosome eggs into the water; hygienic bathing by 991 people was 
found to be equivalent to 12 people defecating directly into the water (Sow et al., 2008). Since infection usually 
occurs outside of the household (Dalton and Pole, 1978, Kloos et al., 1998), an individual’s risk is therefore 
determined not just by his or her family’s sanitary practices but by those of the whole community. 
In addition to eggs that enter water bodies due to a lack of sanitation coverage or use, more may be provided by 
reservoir hosts. S. japonicum has many animal reservoir hosts, which are understood to contribute significantly 
to transmission (Cheng, 1971, McManus et al., 2010). In particular, water buffaloes are often found highly 
infected (Wu et al., 2010, Gordon et al., 2012), and in one Chinese village, Wang et al. (2005) found water 
buffaloes to account for over 90% of S. japonicum egg output. Elsewhere in the People’s Republic of China, 
combining human chemotherapy with that of bovines has been shown to reduce reinfection in people (Gray et 
al., 2009). Animals may even promote transmission without actually being infected; Wang et al. (2006) 
demonstrated that uninfected chickens and dogs may pass viable S. japonicum eggs after eating the faeces of an 
infected host. 
 
Figure 35: Flow diagram demonstrating how schistosome transmission may persist despite the use of adequate 
sanitation. Schistosome eggs hatch upon entry into freshwater, and release miracida. These miracidia cannot survive for 
long without infecting an intermediate host, so miracidia in adequate sanitation systems are unlikely to contribute to 
transmission (point 1). However, it is possible that some eggs may enter freshwater as a result of washing off the bodies or 
soiled clothing of those infected (point 2). Reservoir hosts provide another potential source of miracidia (point 3). 
For S. mansoni and S. haematobium, however, there is less evidence for important reservoir hosts. Baboons 
(Fenwick, 1969, Muller-Graf et al., 1997, Erko et al., 2001, Legesse and Erko, 2004), chimpanzees (Stothard et 
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al., 2012) and water rats (Rioux et al., 1977, Karoum and Amin, 1985, Silva and Andrade, 1989, D'Andrea et 
al., 2000, D'Andrea et al., 2002, Gentile et al., 2006, Maldonado Jr et al., 2006) have been found naturally 
infected with S. mansoni, and able to pass viable eggs. However, since these were usually around areas of heavy 
human infection, they are taken as being the result, rather than the cause, of human infection (Ayad, 1974). 
Primates, pigs, sheep, rodents, monkeys, and sea lions have been found naturally infected with S. haematobium, 
but these are thought to be isolated discoveries of limited importance in schistosome transmission (Ayad, 1974, 
Nithiuthai et al., 2004). Figure 35 shows how the barrier imposed by adequate sanitation may be circumvented 
by the non-use of the sanitation, eggs washing off the body or clothes of humans, and reservoir hosts. 
Macdonald (1965), in his early model of the dynamics of schistosomiasis transmission, predicted that even very 
high levels of sanitation would not have any impact on infection rates. This prediction rested upon the idea that 
the number of miracidia is not a limiting factor in schistosome transmission – few are needed to maintain snail 
infections, which give rise to the release of many cercariae, and therefore contamination of water bodies with 
excreta would have to be reduced to a tiny proportion in order to significantly reduce the force of transmission. 
Later on, other scientists questioned the general validity of this claim, which was strongly dependent on model 
parameters and assumptions (Nåsell, 1977, Goddard, 1978). However, there is consensus that prevention of 
water contamination would be a less effective control measure than the prevention of human water contact, 
since, as a result of this reproduction within the snail, many cercariae will continue to be released, even if the 
number of miracidia in the water is reduced. 
As shown in Figure 36, high organic pollution of a water body may limit the habitats of intermediate host snails, 
which thrive under mild organic pollution, but are rarely found in areas of heavy pollution (El-Gindy, 1954, El-
Gindy, 1957, Alves, 1958, Bruijning, 1969, Garcia, 1972, Ayad, 1974, Klutse and Baleux, 1996, Gazzinelli et 
al., 2008). Sanitation, which acts to reduce such organic pollution, may therefore expand such habitats. With 
more snails present, the probability of a miracidium finding and infecting a snail is higher (Anderson et al., 
1982), and therefore under certain circumstances, sanitation might increase cercaria numbers. 
 
Figure 36: Flow diagram demonstrating how sanitation may increase or decrease snail numbers, depending on the 
organic pollution of the water. By containing excreta, and keeping it away from water bodies, sanitation will reduce 
organic pollution. However, this may be either detrimental, or under certain circumstances, beneficial to intermediate host 
snails that thrive under conditions of mild (but not low or high) organic pollution. 
The relationship between sanitation and cercarial density is further complicated by the complex interactions 
between snail schistosome infections, longevity and thus density, and cercarial production. S. mansoni and 
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S. japonicum infections have been found to increase snail mortality and reduce fecundity (Pesigan et al., 1958, 
Pan, 1965, Webbe, 1965); effects that are suggested to be more acute in areas of high snail density, due to 
increased competition for resources (Anderson and May, 1979). Furthermore, snails infected with many 
miracidia have been found to yield fewer cercariae than those infected with just one miracidium; an effect 
referred to as ‘sporocyst crowding’ (Pesigan et al., 1958, Webbe and James, 1972). A computer model 
developed by Mangal et al. (2008) predicted that under certain conditions, sanitation might actually exacerbate 
transmission, as a result of reduced miracidial infection increasing the average snail lifespan and thus the density 
of snails, all of which nevertheless remain infected by the few miracidia that enter the water even with better 
sanitation. On the other hand, Sandbach (1975) draws attention to the low prevalences of snail infections found 
even in areas of high human infection rates. From this, the author inferred that schistosomiasis transmission 
dynamics are much more sensitive to the input of eggs into the water than they are to snail population densities, 
implying that sanitation might be more effective than snail control. The opposing effects of a reduction in 
miracidia, on the number of cercariae, are shown in Figure 37. 
 
Figure 37: Flow diagram demonstrating how sanitation may increase or decrease cercarial production depending on 
the setting. Reducing snails’ exposure to miracidia may reduce the number of snails infected and shedding cercariae, or 
under certain circumstances, by reducing the number of miracidia infecting each snail, it may increase snail longevity and 
cercarial output. Which effect is stronger depends on how frequently snails encounter miracidia, which varies between 
settings. 
The JMP measures water and sanitation access in households, and the latest report cites improved water and 
sanitation in schools and health centres as key targets (WHO and UNICEF, 2015). However, there is no mention 
of improving sanitation in other locations, such as fields and water contact sites, which are perhaps seen as a 
lower priority. In Zimbabwe, Chimbari et al. (1992) demonstrated that people working in the fields will not 
travel long distances to use their household latrines. Raw sewage is often used to fertilise crops, particularly in 
Asia (Ling et al., 1993), and this practice has sometimes been found to be associated with a greater risk of 
schistosome infection (Carlton et al., 2015). 
It is well understood that eggs in latrine pits mostly do not contribute to schistosome transmission, but that eggs 
may also enter the water despite the use of latrines. Research is needed to quantify the reductions in miracidial 
contamination of water bodies that sanitation may achieve – and computer models should determine whether 
these might be sufficient to make this part of the life cycle a limiting factor. As with water supplies, operational 
studies should monitor infection rates following chemotherapy and the improvement of sanitation. For example, 
randomised controlled trials could test latrine provision in different settings, in particular in fields and as close 
as practically possible to transmission sites. Reservoir hosts represent a possible source of miracidia that cannot 
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be controlled through sanitation, and studies are needed to quantify the number of S. mansoni and 
S. haematobium eggs that they contribute to transmission sites, in order to determine their importance for 
transmission once human infection rates fall. Moreover, it should be determined whether sanitation provision or 
reservoir host control might be a more cost-effective method of reducing the input of miracidia into freshwater 
bodies. 
5.4. Soap use during water contact to control cercariae, snails, and miracidia 
In addition to water supplies and sanitation, one aspect of hygiene, namely the use of soap or endod (a natural 
soap substitute) during water contact, may play a role in schistosomiasis control, due to the demonstrated 
toxicities of soap and endod towards various schistosome life cycle stages. Detergents are understood to be toxic 
to cercariae of S. mansoni (Pacheco and Jansen, 1951, Mimpfoundi and Dupouy, 1983), S. mattheei (van 
Rensburg, 1972) and also to Biomphalaria glabrata, the intermediate host snail of S. mansoni in Latin America 
(van Emden et al., 1974). Okwuosa and Osuala (1993) tested the protective effects of different concentrations of 
washing soaps, on mice immersed in water containing S. mansoni cercariae, and found that even at sub-lethal 
concentrations, these soaps suppressed the infectivity of cercariae. 
Many plants have molluscicidal properties, but endod (Phytolacca dodecandra, or soapberry) is of particular 
interest here since it also has a hygienic use – it is sometimes employed for washing clothes (Esser et al., 2003). 
Its toxicity to snails, and at lower concentrations, to miracidia and cercariae, is the result of a saponin named 
‘lemmatoxin’ (Lemma, 1970, Madhina and Shiff, 1996, Birrie et al., 1998, Abebe et al., 2005). As with soap, 
sub-lethal doses of endod reduce the infectivity of schistosome larvae. 
In view of these findings, the use of soap or endod in the washing of clothes might confer some protection both 
immediately, by killing or reducing the infectivity of cercariae which would otherwise infect people washing 
clothes in environmental water bodies, but also in the long term, by killing snails and miracidia, and by reducing 
the infectivity of miracidia. Indeed, some studies have accounted for soap use, which may explain lower 
infection rates than would be expected based purely on the amount of water contact (Wilkins et al., 1987, Kloos 
et al., 1998, Rudge et al., 2008, Sow et al., 2011). In Zanzibar, Rudge et al. (2008) found that washing clothes 
was not significantly associated with a higher risk of S. haematobium infection, possibly due to the protective 
effects of soap which was widely used in this setting. However, Garba et al. (2010) found that the use of soap 
during bathing did not appear to protect infants from schistosomiasis, and suggested that this was due to the 
long bathing times involved. 
Erko et al. (2002), in Ethiopia, investigated different methods of application of endod to water bodies. In a town 
using endod soap, the prevalence of S. mansoni among males rose slightly (the difference was not statistically 
significant), while the prevalence among females dropped significantly. This may have been due to women and 




As with water and sanitation, past studies have informed the rationale for schistosomiasis control through soap 
and endod use during water contact, but only Erko et al. (2002) have performed a trial to investigate the impact 
on human infection rates. Quantification of the impacts of such hygiene promotion on snail, miracidium, and 
cercaria populations, would enable researchers to specifically parameterise computer models to determine 
whether the use of soap or endod can give rise to a limiting factor in schistosome transmission. Such models, in 
turn, could quantify the impact of specific hygiene promotion on the risk of infection in (i) participants using 
soap or endod, which might protect them by killing cercaria or otherwise rendering them uninfective and in (ii) 
other people coming into contact with the water, whose risk of infection might be lowered as a result of 
reductions in snail and miracidium populations. As with water and sanitation, further intervention studies could 
test any impact directly, through the assessment of the rapidity of reinfection following chemotherapy. Clearly 
schistosomiasis control using soap or endod is heavily dependent on human behaviour in addition to the 
dynamics of schistosome transmission. It would therefore be beneficial for these studies to include social and 
behavioural components to investigate the acceptability of soap use during water contact in different settings, 
along with whether health education can increase soap use during human water contact in the long term.  
5.5. Community-level analyses 
The transmission of schistosomes occurs in freshwater bodies, and therefore generally outside of the household 
(Dalton and Pole, 1978, Kloos et al., 1997, Kloos et al., 1998). Esrey and Habicht (1986) have drawn attention 
to the disease exposures shared between the inhabitants of a village, which, if ignored, could lead to false 
assumptions and invalid statistical inferences. They suggest using the community as the unit of analysis; an 
approach that has been adopted by a number of authors. 
Bhajan et al. (1978) and Negron-Aponte and Jobin (1979) compared the district-level increases in access to 
protected water supplies in the 1960s and 1970s, with the decrease in S. mansoni prevalence in Puerto Rico. 
They found that areas with the most improvement in water supply coverage experienced the greatest reduction 
in infection rates. A similar correlation was found by Carmo and Barreto (1994), analysing the changes in Bahia 
state, Brazil between the 1950s and the 1990s. More recently, Yang et al. (2009) found the prevalence of 
S. japonicum to be significantly higher in villages using infested (rather than safe) water sources. Conventional 
logistic regression and a multi-level model incorporating individual- and community-level factors, both found 
significantly higher odds of infection in people living in villages using infested water sources. The OR from the 
multi-level model was much higher than from the conventional model (OR = 4.88, 95% CI: 2.65-8.99 versus 
OR = 1.77, 95% CI: 1.16-2.70), raising the possibility that the protective effect of safe water sources may in 
some studies be masked by heterogeneity in individual-level variables such as age, sex, and occupation. 
Analysis at the community level may be even more important for sanitation than for water supplies, since one is 
exposed through one’s own water contact, to cercariae that result from snail infections potentially caused by 
one’s neighbours. However, community-level studies have not always found a strong correlation between 
sanitation coverage and infection rates. Carmo and Barreto (1994) found that the coverage of sewerage was not 
significantly associated with greater reductions in infection rates between the 1950s and 1990 in Bahia state, 
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Brazil. Bhajan et al. (1978) compared the increases in sewerage coverage with changes in S. mansoni infection 
rates in the 1960s in Puerto Rican municipalities. No significant association was found between change in 
sewerage coverage and change in infection rates; a finding which was interpreted as being in line with the 
predictions of the contemporary modelling study (Macdonald, 1965). 
On the other hand, Rollemberg et al. (2011), also working in Brazil, found communities with S. mansoni 
prevalences above 15% had less sewerage coverage, and the difference was borderline statistically significant (P 
= 0.051 by Mann-Whitney U). Yang et al. (2009), conducting research in the People’s Republic of China, found 
that living in a village with worse sanitation – defined as the use of ‘hygienic lavatory’ by less than 50% of the 
population – was significantly associated with a higher risk of S. japonicum infection both in conventional 
logistic regression and in a multi-level model. Univariate analysis found that those living in a village with less 
than 50% ‘hygienic lavatory’ coverage had a significantly higher prevalence of infection (4.2% versus 3.3%, P 
= 0.025). 
5.6. Integrated interventions combining different forms of WASH with other 
control measures 
Scott and Barlow (1938) monitored the prevalences of infection with S. mansoni, S. haematobium, A. 
lumbricoides, and hookworm in villages receiving either treatment (tartar emetic for schistosomiasis, carbon 
tetrachloride for hookworm, and Chenopodium for A. lumbricoides, and for A. lumbricoides and hookworm 
coinfections), household latrine construction, both treatment and latrine construction, or no intervention and 
found that the sanitation produced no measurable effect on the parasite infection rates. 
In a Brazilian village, a WASH intervention consisting of latrines, wells, showers, laundry units, and water taps 
was tested (Barbosa et al., 1971). Selective chemotherapy with antimony was started but stopped early in the 
project, following a death. Dramatic reductions were observed in human and snail S. mansoni infection rates in 
the intervention areas, suggesting that comprehensive and appropriate WASH interventions may be able to 
control schistosome transmission even without chemotherapy. Similarly, in Zimbabwean irrigation schemes, 
Chandiwana et al. (1988) found that comprehensive environmental measures (safe water supplies, construction 
of washing slabs, latrines, lining of canals with concrete, and clearing of weeds) appeared to slow reinfection 
with S. mansoni and S. haematobium in the year following selective treatment, compared with areas receiving 
treatment alone. In the People’s Republic of China, schistosomiasis control programmes incorporating 
sanitation, fencing of water buffaloes, and improvement of health facilities as well as chemotherapy and snail 
control have been found to be particularly effective (Wang et al., 2009, Hong et al., 2013). 
It must be noted, however, that WASH interventions have not always led to reduced schistosome infection rates. 
Freeman et al. (2013a) found a school-based WASH intervention, comprising water treatment, hygiene 
promotion and latrine construction, to have no significant impact on S. mansoni reinfection – perhaps because 
treating water in the school did little to reduce water contact. The same study found that following treatment, the 
arm receiving the school WASH had lower A. lumbricoides prevalences (OR = 0.56, 95% CI 0.31 to 1.00) and 
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intensities (rate ratio = 0.34, 95% CI: 0.15 to 0.75). However, as with S. mansoni, no significant differences 
were observed in T. trichiura or hookworm reinfection. 
Infrastructure alone will not necessarily change behaviour, and it should be supplemented with setting-specific 
information, education, and communication approaches. A recent meta-analysis found health education in the 
People’s Republic of China to be associated with a significant improvement in schistosomiasis-related 
knowledge, and a significant decrease in the prevalence of S. japonicum infection (Zhou et al., 2013), while 
another study found health education improved schistosomiasis-related knowledge and behaviour (Hu et al., 
2005). Studies in Africa have similarly found health education to be effective at improving schistosomiasis-
related knowledge and practices (Odongo-Aginya et al., 1996, Mwanga and Lwambo, 2013). Health education 
has also been an effective way to encourage communities to improve their WASH facilities and practices 
(Aryeetey et al., 1999). However, a cluster-randomised education intervention trial in the People’s Republic of 
China did not find a significant impact on knowledge, attitudes, and practices between the intervention and 
control arms (Wang et al., 2013).  
5.7. Summary of evidence regarding the roles of WASH in schistosomiasis 
control 
There are good reasons to believe that improvements in WASH should, in general, reduce the force of 
schistosomiasis transmission, even if their impacts are highly dependent on the social-ecological context, due to 
a combination of behavioural, biological, cultural, demographic, ecological, environmental, and socioeconomic 
factors (Esrey et al., 1991). However, schistosome transmission pathways are distinct from those of other 
pathogens. Different aspects of WASH technologies and human behaviour are therefore important in the control 
of schistosomiasis, compared to that of other pathogens. Reductions in different parts of the schistosome life 
cycle (such as contamination of freshwater with miracidia, and human exposure to cercaria-infested water) will 
only affect schistosome transmission if the part in question is, or becomes, the limiting factor – and which is the 
limiting factor in schistosome transmission will likely vary from one setting to another. 
Qualitative reviews can complement systematic reviews and meta-analyses by exploring heterogeneities in the 
risk of infection with Schistosoma and other causative agents of NTDs, depending on the prevailing social-
ecological systems. Although a similar review by Jordan et al. (1980) addressed ecological aspects of 
schistosome transmission, qualitative reviews are not very common in this field. They can provide useful 
evidence on the rational for parasite transmission, but their usefulness depends on the topic being reviewed. For 
example, STH transmission is not so easily observed as schistosome transmission, since the former can take 
occur in many more places while the latter takes place at knowable transmission sites. Furthermore, water 
contact is much more easily observable than the ingestion of microscopic eggs or the penetration of the skin of 
small hookworm larvae in the soil. A similar qualitative review for WASH and STH transmission might 
therefore be expected to yield fewer useful studies. 
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It is well understood that schistosome transmission occurs focally, in freshwater bodies that are contaminated 
with human faeces or urine, that are inhabited by specific intermediate host snails and where human-water 
contact occurs. However, schistosomiasis control is currently focused on killing the adult worms in the human 
body through periodic administration of praziquantel, while only token attention is given to the underlying 
ecology, which includes complex relationships between people’s behaviour, the parasites and intermediate host 
snails. 
While much is known about the impact of WASH on schistosomiasis, many questions remain. The evidence for 
specific aspects of WASH behaviour reducing schistosome transmission is summarised in Table 8, along with 
questions that future research might address. 
Table 8: Summary of the key points regarding WASH for schistosomiasis control, and suggested directions for future 
research. 





 Water from safe supplies is usually schistosome-free, and hence it 
may play an important role in reducing exposure 
 People’s motivations for water contact are highly context-
dependent, and water supplies that do not account for local 
attitudes and practices cannot be expected to consistently reduce 
water contact 
 Where possible, water supplies should incorporate additional 
infrastructure such as sinks and showers, to prevent as much 
water contact as possible 
 The relationships between people’s access to safe water supplies 
and their degree of water contact, and between their degree of 
water contact and their intensity of infection, are not well 
understood 
 Do communities provided with safe water supplies 
experience slower reinfection (lower intensities of 
infection at set points in time following PC)? 
 How do different types of water supply 
infrastructure (e.g. household and community 
supplies, with and without sinks and showers) 
affect the amount of exposure to cercaria-infested 
water in different groups of people (preschool-aged 
children, school-aged children, adults, males, 
females, and people in communities of different 
religions and engaged in different forms of water 
contact)? 
 How do reductions in water contact affect the 
intensity of schistosome infection in different 
groups of people (preschool-aged children, school-
aged children, adults, males, females, those from or 






 Eggs in latrine pits cannot sustain schistosome transmission, but 
eggs may still enter the water despite the use of adequate 
sanitation 
 High levels of organic pollution, and infection with schistosome 
sporocysts, are detrimental to intermediate host snails, and 
therefore the impact on cercaria populations, of a reduction in 
miracidial contamination, is very difficult to predict 
 By contaminating freshwater bodies with schistosome eggs in 
their faeces and urine, reservoir hosts play an important role in S. 
japonicum transmission, and may also play a role in S. mansoni 
and S. haematobium transmission 
 Do communities provided with adequate sanitation 
experience slower reinfection (lower intensities of 
infection at set points in time following PC)? 
 Is sanitation in fields and near transmission sites 
effective at reducing the number of miracidia at 
those transmission sites? 
 How does the number of snails affect the 
relationship between the numbers of miracidia and 
cercariae at transmission sites? 
 What role do reservoir hosts play in the 






 Soap and endod are toxic to miracidia, cercariae and intermediate 
host snails – they may therefore reduce risk of infection in the 
short term, by killing and reducing the infectivity of cercariae, 
and in the long term, by killing snails and miracidia, and thus 
reducing cercaria populations 
 Very few studies have compared human use of soap or endod 
during water contact, with subsequent schistosome infections 
 Does sustained soap use during water contact slow 
reinfection (lower intensities of infection at set 
points in time following PC)? 
 What impact does sustained soap use have on snail, 
miracidium, and cercaria populations? 
 Does protection from infection arising from soap 
use extend to people not using the soap, by virtue 
of the impacts on snail populations and miracidial 
infections? 
 How might soap use during human water contact 
be best promoted? 
The ability of water supplies to prevent water contact depends on the local activities involving water contact, 
convenience, the chemical composition of water, and local beliefs and superstitions. Although schistosome 
infection certainly occurs during water contact, it is difficult to predict the impact of a reduction in water contact 
on infection, due to the effects of age-acquired immunity. 
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Access to, and use of, adequate sanitation will catch most Schistosoma eggs and prevent miracidia from 
infecting intermediate host snails. However, sustained transmission requires only a few eggs to enter freshwater, 
and these may be provided without people defecating or urinating into the water. Organic pollution of water 
bodies, and schistosome infections, can be detrimental to snails. Therefore, under certain circumstances, 
sanitation may exacerbate the transmission of schistosomiasis. Reductions in the input of eggs into freshwater 
may have no impact if this is not a limiting factor in overall transmission. 
The use of soap, detergent, and endod during water contact appears to confer some protection from infection, 
depending on the duration of water contact. However, little is known about the quantitative impact on risk of 




Chapter 6. Results and discussion of the 30 schools survey 
 
6.1. Time taken for data collection, and sample sizes 
It took the two health officers in each team an average of two days to collect the WASH and school feeding data 
from each school, 20 students, and 15 surrounding households. This was matched by the time needed for the two 
laboratory technicians to carry out Kato-Katz tests and selective urine filtration on samples from 125 students.  
A total of 3,729 children provided stool and urine samples, of whom 52.4% were male. They had a mean age of 
11.8 years (SD = 2.1, data missing for 21 children). Student WASH surveys were conducted with 596 of these, 
and 448 had their households visited for WASH assessment. 
6.2. Parasitology summary 
The overall prevalences of hookworm, A. lumbricoides, T. trichiura, and S. mansoni were 18.5%, 4.8%, 0.6%, 
and 0.3%, respectively, and no cases of S. haematobium were found. Overall, 23.4% of children tested were 
positive for at least one of the above parasites. Hookworm was much more prevalent in the Kindo Koysha 
schools (54.0%) than the other schools (13.0%). A. lumbricoides, on the other hand, was much more uniformly 
distributed, with school prevalences varying between 0 and 21.8%. The arithmetic mean infection intensities 
(including non-infected children, and in all schools) for hookworm and A. lumbricoides were 119.8 and 176.5 
EPG, respectively. In Kindo Koysha these figures were 606.8 and 371.4 EPG. The school-level prevalences and 
arithmetic mean intensities for each parasite, average age of the participants and GPS coordinates, are provided 
in Table 26 in Appendix 7. 
Cluster-level summaries of the prevalences and intensities of infection with each of S. mansoni, hookworm, A. 
lumbricoides, and T. trichiura, are presented in Table 9, which shows that hookworm infections were 
disproportionately concentrated in the Kindo Koysha schools, while the levels of infection with the other 
parasites were much lower. A map of the schools, showing the clusters and their names, is presented earlier in 
the thesis (Figure 21 in Section 3.4). 
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Table 9: Cluster-level arithmetic mean intensities of infection, cluster-level minimum and maximum school-level 
arithmetic mean intensities of infection, cluster-level prevalences of infection, and cluster-level minimum and 
maximum school-level prevalences of infection with S. mansoni, hookworm, A. lumbricoides, T. trichiura, and any of 











































 Konso and Alie 0.54 0.00 3.84 0.44 0.00 1.60 
Kindo Koysha 0.53 0.00 1.92 0.40 0.00 0.80 
Selti, Mareko and 
Lanfero 0.00 0.00 0.00 0.00 0.00 0.00 






 Konso and Alie 43.07 0.00 352.13 3.37 0.00 10.00 
Kindo Koysha 606.77 231.36 1680.19 54.00 34.40 69.60 
Selti, Mareko and 
Lanfero 60.96 0.58 155.14 24.14 1.60 54.40 








s Konso and Alie 333.37 0.00 1843.20 4.83 0.00 19.20 
Kindo Koysha 371.42 9.60 1340.35 6.80 0.80 12.00 
Selti, Mareko and 
Lanfero 8.63 0.00 66.15 3.78 0.00 21.85 







Konso and Alie 5.72 0.00 57.60 0.66 0.00 3.20 
Kindo Koysha 1.25 0.00 4.61 0.80 0.00 1.60 
Selti, Mareko and 
Lanfero 0.46 0.00 2.69 0.64 0.00 3.20 







 Konso and Alie - - - 9.07 0.00 24.00 
Kindo Koysha - - - 58.20 37.60 74.40 
Selti, Mareko and 
Lanfero - - - 28.24 3.20 54.40 
Kokir Gedebano  - - - 17.45 1.67 25.81 
 
6.3. School WASH 
Ten schools had a year-round water source within the school compound, while four had sources only functional 
in the rainy season, and 16 schools had no water source in the compound. In the 16 schools without on-site 
sources, surface water (rivers, lakes, and streams) was the most common source in the dry season (nine schools), 
and surface water and standpipes were the joint most common source in the rainy season (six schools each). Of 
schools always using water sources inside the school compound, seven had standpipes, one relied on rainwater 
in all seasons, and one had piped water into the school buildings. The schools relying on different sources in the 
rainy and dry seasons used a mixture of rainwater, surface water, standpipes, and piped water. A total of four 




In schools always relying on water brought from outside, a mean of 0.6 l per child was brought to school in the 
dry season. The 16 schools with large (>1,000 l) water tanks, had a mean water storage capacity of 75,444 l, 
which on average would sustain the school for around six weeks into the dry season (data were missing for four 
schools). 
A total of 16 schools reported to have a designated hand washing time before serving food, but only one school 
had a handwashing area away from the latrines and with piped water. 
All schools but one had onsite latrines, and in total there were 56 latrines in the 30 schools. These were most 
commonly pit latrines with cement floors (47 latrines), but six were pit latrines without cement floors, and three 
were VIP latrines. Eight latrines’ floors were cracked and one had collapsed completely, but the rest were in 
good condition. Latrine floors were most commonly described as ‘unclean’ (30 latrines), followed by ‘very 
unclean’ (22 latrines), with only four latrines ‘clean’. On average, there was one usable latrine stall for every 
104 boys and one for every 109 girls. Considering only latrines with doors, these figures rose to 177 boys and 
174 girls. Evidence of open defecation was observed in 16 of the 30 schools. 
6.4. Student WASH 
Student-level WASH questionnaires were administered to 596 respondents. Hand washing was reported by 
50.2%, 19.5%, 88.3%, and 78.4% of students after defecation, after urination, before eating, and when hands 
were visibly dirty, respectively. Open defecation was more commonly reported in the home than in the school 
(9.2% versus 3.2%), as was open urination (38.1% versus 22.1%). The majority of students (65.1%) reported no 
problem with school sanitation, and 72.8% reported no problem with home sanitation. The commonest 
complaints were that school sanitation is too dirty (18.5% of respondents), and that there was no toilet at home 
(5.5% of respondents). Students claimed to be thirsty and without a drink at school ‘always’, ‘sometimes’, 
‘occasionally’, and ‘never’ in the following proportions: 6.9%, 52.3%, 16.1%, and 24.7%, respectively.  
6.5. Household WASH  
With only 2.9% of households having water sources on-site (data missing for two of the 448 households, 
0.45%), most used the same sources as the schools. Only 3.6% of households reported treating drinking water 
with chemical agents. Toilets were absent in 27.2% of households. Of the 326 households that did have a toilet, 
these were overwhelmingly (88.3%) pit latrines without cement slabs. Toilets had no walls in 44.8% of 
households (data missing for two households, 0.61%), but the floors of 41.1% were described as clean. Evidence 
of open defecation was observed in 29.2% of households. 
6.6. WASH quality control 
The supervisors attended seven households with the data collectors, and they rated household latrine indicators 
the same as the data collectors in 93.7% of cases. Similar quality control was also carried out in two schools, 
and ratings were in agreement for 66.7% of the indicators. 
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6.7. Comparison between presence of a household latrine and reported 
household latrine use 
Children’s answers to the questions ‘When you have to urinate/defecate at home, do you always use the toilet?’ 
were compared with inspection data on whether or not households had any sanitation. Children without a latrine 
at home were significantly more likely (P < 0.05) to report not always using a latrine for defecation at home, but 
for urination there was no significant difference (P > 0.05). These ORs are presented in Table 10, while the 
underlying contingency tables may be found in Tables 27 and 28, in Appendix 8. 
 
Table 10: Comparisons between reported non-use of latrine at home, and inspections on whether a latrine was 
available. 
Dataset Exposure Outcome OR 95% CI P value 
Children whose 
houses were visited 
Absence of a 
latrine at 
home 
Reported non-use of 
latrine for urination 
at home 
0.93 0.59 to 1.45 NSa 
Children whose 
houses were visited 
Absence of a 
latrine at 
home 
Reported non-use of 
latrine for defecation 
at home 
2.64 1.27 to 5.48 < 0.05 




6.8. Comparison between presence of latrine at home, as assessed through 
inspection and declaration of absence of latrine 
Students were asked ‘In your opinion is there a problem with the toilets at home?’, and one of the potential 
answers was ‘Yes – there is no toilet’. Data on children answering that there was no toilet at home were 
compared with results from inspections. A contingency table of this data is presented in Table 29 in Appendix 8. 
While children declaring the absence of a latrine at home did have significantly higher odds of actually not 
having a latrine at home (OR = 3.23, 95% CI: 1.33 to 7.84, P < 0.05), it is notable that of the 111 students 
without a latrine at home as determined by inspection, only 11 (9.9%) declared it, and that of the 21 students 
declaring no latrine at home, inspections found latrines in 10 (47.6%) households. 
The low number of students declaring the absence of a latrine at home is likely due to a combination of shame 
or a perception that declaring a latrine is the ‘correct’ answer, and simply not thinking to mention the lack of a 
latrine as a problem with household sanitation. 
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6.9. Comparison between household- and child-level sanitation indicators and 
hookworm 
The ORs for hookworm infection according to the presence of a latrine at home, declaration of open defecation 
at home, and declaration of open defecation at school, are presented in Table 11, below, while the underlying 
contingency tables may be found in Tables 30 to 33 in Appendix 8. 
Table 11: ORs for hookworm infection according to sanitation indicators. 
Exposure Outcome Dataset OR 95% CI P value 
Absence of a latrine at home as 
determined by inspection 
Infection with 
hookworm 
Children in schools with 
some hookworm, whose 
houses were visiteda 
0.96 0.54 to 1.71 NSb 




Children in schools with 
some hookworm, whose 
houses were visiteda 
1.01 0.58 to 1.77 NSb 
Declares practising open 
defecation at home 
Infection with 
hookworm 
Children who responded to 
student-level WASH 
questionnairesc 
0.62 0.27 to 1.42 NSb 
Declares practising open 
defecation at school 
Infection with 
hookworm 
Children at schools with 
some hookworm infections, 
who responded to student-
level WASH questionnairesc 
0.69 0.15 to 3.20 NSb 
aNote that 67 households were around schools with no hookworm infection 
bNot significant, P > 0.05 
cNote that 97 students were at schools with no hookworm infections, and that the parasitology data for two more students could not be 
matched to their student WASH data 
 
At the individual level, absence of a latrine, declaration of open defecation, and evidence of open defecation at 
home were all not statistically significant predictors of hookworm infection. Since hookworm infection was not 
distributed evenly between the different schools, linear regression was used to explore whether a school-level 
correlation between hookworm prevalence and these sanitation indicators, might have masked any individual-
level correlations. However, as shown in Figure 38 (and in particular by the low R2 values), there were no clear 




Figure 38: School-level hookworm prevalences, against school-level proportions of individual-level sanitation 
indicators: A. the proportions of students declaring open defecation at home (of the 20 students responding to student 
WASH questionnaires), B. the proportions of students without a latrine at home (of the 15 students whose household WASH 
facilities were assessed through inspections), C. the proportions of students declaring open defecation at school, and D. the 
proportions of homes with evidence of open defecation. No clear trends are apparent, which is reflected by the very low R2 
values. Note that five schools with hookworm prevalences of zero are excluded from the above graphs and linear models. 
6.10. Discussion 
In this project, the implementation of school-, household-, and student-level WASH questionnaires, alongside 
parasitological testing of students, allowed for testing of the WASH questionnaires, and comparisons to be 
drawn between the various aspects of sanitation, and between sanitation and hookworm. Most previous studies 
investigating the odds of STH infection (and all those investigating the odds of schistosome infection – see 
Appendices 4 and 5) according to sanitation, have used questionnaires rather than inspections (Strunz et al., 
2014). 
Independent inspections of water tanks and latrines showed that this method of WASH assessment was fairly 
robust – with 93.7% and 66.7% agreement between the enumerators’ and supervisors’ ratings in households and 
schools, respectively. However, children’s answers to questions about presence and use of a household latrine 
were much less reliable – for example, of children without a latrine at home (as determined by inspection), only 
9.9% declared the absence of a household latrine when asked in a child-level survey. 
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None of the sanitation indicators studied (presence of a latrine at home as determined by inspection, admission 
of open defecation at home, and admission of open defecation at school), were found to be statistically 
significant determinants of hookworm infection through the calculation of ORs. The clustered distribution of 
schools, combined with the variation in hookworm infection rates between clusters, may partially account for 
the lack of any association, despite the lack of statistically significant trends in hookworm infection according to 
school-level aggregations of household sanitation indicators. Hookworm transmission does not only take place 
at home – working in the American South, Otto et al. (1931) demonstrated that some children with heavy 
hookworm infections had acquired them at school, or while playing at friends’ houses. The fact that 
transmission may take place in so many different environments may be another reason that no associations were 
found in this work. 
In Section 4.5, the potential for SES to confound the relationship between WASH and Schistosoma infection 
was discussed. Many of the same ideas hold for sanitation and hookworm infection: children of low SES may be 
more exposed to infection if they do not wear shoes (Tomczyk et al., 2014), they may miss out on treatment in 
PC programmes if they do not attend school regularly, and they and their families may have less knowledge 
about hookworm, the symptoms it causes, and the treatment for it. Even if their families know about hookworm, 
they may be unable to afford treatment for it. As such, the lack of accounting for SES in these analyses is a 
drawback of this work. Section 4.5 provides some examples of indicators of SES. However, these 30 schools, as 
recipients of a WFP school feeding programme, were in extremely poor areas. Consequently, no families had 
motorcycles, cars or brick houses, all of which have been uses as indicators of SES elsewhere. Furthermore, it is 
likely that asking children about the presence of household assets or about other socioeconomic indicators 
would have been unreliable. Given that the schools were spread over a large area, it is possible that there would 
have been important differences between the various schools, in the relationships between socioeconomic 
indicators and true SES. On reflection, shoe wearing by children would have been a somewhat useful indicator, 
as an indicator of SES and in its own right, as a risk factor for hookworm. However, being a practice, it would 
have been more variable in time – shoe wearing on the day of inspection may have been an unreliable indicator 
of shoe wearing in the preceding months and years. 
This work verified the viability of using inspections to assess WASH, and was therefore very useful in the 
preparations for integrating school WASH into the schistosomiasis and STH national mapping project (see 
Chapter 7 for the results and discussion of that project). However, due to low infection rates and effective 
sample sizes, this work did not allow for a conclusive comparison between WASH and helminths. 
6.11. Conclusions 
The work presented in this chapter revealed that children in 30 primary schools in south Ethiopia had low rates 
of infection with schistosomiasis and STHs (with no S. haematobium cases, and overall prevalences of 
hookworm, A. lumbricoides, T. trichiura, and S. mansoni as 18.5%, 4.8%, 0.6%, and 0.3%), despite poor 
WASH conditions. Questionnaires were found to be a fairly unreliable way to assess household access to 
sanitation (with little agreement between questionnaire responses and inspections), but data collectors and 
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supervisors rated water and sanitation conditions in the same way in the majority of cases. No statistically 
significant associations were found between various household- and individual-level sanitation indicators and 
odds of hookworm infection, perhaps as a result of the numbers and distributions of the schools and households. 
These surveys were used to collect data in 30 schools, alongside the parasitological assessment of 125 children 
in each school. Analysis of data from the 448 households around these schools showed that children from 
households without a latrine, or with evidence of open defecation around the compound, were not at 
significantly higher risk of hookworm infection, and that there was no school-level trend between these WASH 
variables and hookworm prevalence. 
This work made a useful contribution to the WASH evidence base – namely, the quantification of the reliability 
of questions on the presence of a latrine at home, and of inspections of school latrine blocks. However, the 
comparisons between WASH and the parasites suffered from the relatively small sample sizes, the distribution 
of schools, and particularly in the case of schistosomiasis, the low prevalences. To continue this research, 
similar data collection was required, but on a much larger scale. The school WASH questionnaire developed in 
this chapter was therefore subsequently used to collect data in the Ethiopian national mapping of schistosomes 
and STHs – the results of this work are presented in Chapter 7. 
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Chapter 7. Results and discussion of the national mapping 
7.1. Linking of the WASH and parasitology data 
Four different databases generated in this mapping were used in the analysis (one for Kato-Katz data, another 
for school locations and enrolment, another for ages and genders, and another for school WASH data).  
 
Figure 39: Flow diagram showing the manipulation of the various datasets generated in the national mapping. 
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The merging of these databases, and the exclusion of useless data, involved a number of steps and is 
summarised in Figure 39, which shows the manipulations to the various databases, as well as the numbers of 
schools and students excluded at the different stages. 
WASH data were collected in 2,323 schools. However, only 1,876 schools’ WASH and enrolment data (needed 
for the calculation of the sanitation and hygiene scores) could be reliably matched – that is, schools with the 
same identification number in the two databases had similar names in the two databases. Only 1,645 of those 
1,876 schools could be matched to schools in the Kato-Katz database. Mann-Whitney U tests comparing WASH 
scores between the 1,645 included schools, and the 231 schools without parasitology data did reveal some 
statistically significant differences. Similarly, Mann-Whitney U tests comparing and mean parasite infection 
intensities between the 1,645 included schools, and the 530 schools without WASH scores, also revealed some 
statistically significant differences. The results of these tests are shown in Table 12. Geographical variation in 
both parasitic infection rates and data collectors, and large sample sizes, may have given rise to these 
statistically significant differences. 
Table 12: Comparisons of infection intensities and WASH scores between the schools included in the analysis, and 
those that were excluded since they could not be matched to the other database. 
Parasitology 
Median of school-level 
infection intensities (in 
EPG) in the included 1,645 
schools 
Median of school-level 
infection intensities (in 
EPG) in the excluded 530 
schools 
Mann-Whitney U P value 
S. mansoni 0.00 0.00 477,810 < 0.0001 
A. lumbricoides 20.18 12.77 423,820 > 0.05 
T. trichiura 0.96 0.00 390,220 < 0.001 
Hookworm 1.44 0.00 376,900 < 0.0001 
WASH Median score in the 1,645 included schools 
Median score in the 231 
excluded schools Mann-Whitney U P value 
Water 0.00a 0.00b 142,100 < 0.05 
Sanitation 0.17c 0.07d 44,437 < 0.0001 
Hygiene 0.00e 0.00f 81,344 > 0.05 
aWater scores were not calculable for 171 of the schools with parasitology data 
bWater scores were not calculable for 20 of the schools without parasitology data 
cSanitation scores were not calculable for 481 of the schools with parasitology data 
dSanitation scores were not calculable for 119 of the schools without parasitology data 
eHygiene scores were not calculable for 332 of the schools with parasitology data 
fHygiene scores were not calculable for 107 of the schools without parasitology data 
Of the 1,645 schools with matched WASH, enrolment, and parasitological data, S. mansoni, A. lumbricoides, T. 
trichiura, and hookworms and were present in 366, 1,234, 881, and 906 schools, respectively. The locations 





Figure 40: Locations within Ethiopia of the schools with WASH data and non-zero mean intensity of infection with 
A: S. mansoni, B: A. lumbricoides, C: T. trichiura, and D: hookworm. The number of schools (n) is also provided for 
each map. Note that some of the schools in these maps were not used in the analyses because their water, sanitation, or 
hygiene data were incomplete. 
7.2. Parasitology summary 
7.2.1. Overall parasite prevalences 
Kato-Katz data were available for 116,042 schoolchildren in 2,471 schools. Urine samples from 99,726 children 
in 2,007 schools were collected and tested for haematuria, with Hemastix®. Filtration and microscopy was 
carried out on the 70,669 urine samples (from 1,697 schools) that were positive for haematuria.  
Excluding schools with samples from fewer than 25 students left 115,052 students in 2,342 schools for Kato-
Katz, and 99,137 students in 1,887 schools who provided urine samples. In these students, the prevalences of S. 
mansoni, S. haematobium, A. lumbricoides, T. trichiura, and hookworm were 3.5%, 0.2%, 13.3%, 7.8%, and 
7.4%, respectively. At least one case of each of those helminths was found in 24.4%, 3.1%, 75.4%, 51.7%, and 
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52.0% of these schools, respectively. As a result of the scarcity of S. haematobium cases (176 children in 58 
schools), this parasitic infection was not compared with school WASH. 
7.2.2. Distribution of individual-level infection intensities in the 1,645 schools with 
WASH and parasitology data 
Some summary analyses, pertaining to intensity of infection in the 1,645 schools used in the comparison of 
WASH with helminths (see Figure 39), are presented here. Kato-Katz data were obtained for 80,705 students in 
these schools. At the individual level, the parasites demonstrated characteristic aggregation (Anderson and May, 
1991) – most children had no parasites while a few children had most of the parasites. Notably, for all the 
parasites, two eggs (48 EPG) were found in more slides than one egg (24 EPG) – perhaps since seeing a second 
egg convinced the microscopists that the first really was an egg, rather than an artefact. The distributions of 
individual-level intensities of infection with S. mansoni, hookworm, A. lumbricoides, and T. trichiura are shown 
in Figures 41 to 44, respectively. 
 
Figure 41: Distribution of S. mansoni infection intensities in the 80,745 students in the 1,645 schools. Colours indicate 
intensities of infection. Note that the highest 74 values (ranging between 984 EPG and 10,080 EPG, with a mean of 1,866.2 




Figure 42: Distribution of hookworm infection intensities in the 80,745 students in the 1,645 schools. Colours indicate 
intensities of infection. Note that the highest 193 values (ranging between 1,584 EPG and 21,264 EPG, with a mean of 
3,682.6 EPG) have been excluded to improve clarity, and that hookworm egg counts were missing for 360 children. 
 
Figure 43: Distribution of A. lumbricoides infection intensities in the 80,745 students in the 1,645 schools. Colours 
indicate intensities of infection. Note that the highest 109 values (ranging between 24,000 EPG and 146,400 EPG, with a 





Figure 44: Distribution of T. trichiura infection intensities in the 80,745 students in the 1,645 schools. Colours indicate 
intensities of infection. Note that the highest 129 values (ranging between 1,224 EPG and 21,600 EPG, with a mean of 
2,683.0 EPG) have been excluded to improve clarity, and that T. trichiura egg counts were missing for 446 students. 
7.2.3. Distribution of school-level arithmetic mean infection intensities in the 1,645 
schools with WASH and parasitology data 
The school-level arithmetic mean intensities of infection with S. mansoni, hookworm, A. lumbricoides, and T. 
trichiura (i.e., the dependent variables used as the used in the statistical tests) in the 1,645 schools with WASH 
and parasitology data are displayed below in Figures 45 to 48, respectively. These showed similar distributions 
to the individual-level data; many schools had zero intensity, and frequency decreased with increasing mean 
intensities of infection. Notably, more schools had a low non-zero mean intensity of A. lumbricoides than had 
zero mean intensity. 
 
Figure 45: Distribution of arithmetic mean S. mansoni infection intensities in the 1,645 schools. Colours indicate 
intensities of infection. Note that the highest 11 values (ranging between 188.5 EPG and 417.6 EPG, with a mean of 294.9 





Figure 46: Distribution of arithmetic mean hookworm infection intensities in the 1,645 schools. Colours indicate 
intensities of infection. Note that the highest 28 values (ranging between 277.4 EPG and 2,645.3 EPG, with a mean of 561.2 
EPG) have been excluded to improve clarity. 
 
 
Figure 47: Distribution of arithmetic mean A. lumbricoides infection intensities in the 1,645 schools. Colours indicate 
intensities of infection. Note that the highest 87 values (ranging between 2,150.4 EPG and 10,077.6 EPG, with a mean of 





Figure 48: Distribution of arithmetic mean T. trichiura infection intensities in the 1,645 schools. Colours indicate 
intensities of infection. Note that the highest 11 values (ranging between 188.5 EPG and 417.6 EPG, with a mean of 294.9 
EPG) have been excluded to improve clarity. 
 
7.2.4. Relationships between school-level means and variances of infection intensities 
For quality control of the infection data, natural logarithms of the school-level means and variances of infection 
intensities were plotted against each other – these plots are shown in Figure 49. The strong linear correlations 
between the natural logarithms of school-level variances of infection intensities, and the natural logarithms of 
school-level means of infection intensities are reflected by the R2 values, which are close to one. This, along 
with the gradients of the lines of best fit (between one and two) show that these data exhibit known patterns in 
parasite aggregation, implying that falsification of infection data was not a significant problem (Anderson and 




Figure 49: Natural logarithms of school-level means against natural logarithms of school-level variances of intensity 
of infection with the various parasites. 
 
7.2.5. Relationships between school-level prevalences and arithmetic mean intensities 
of infection with each parasite 
School-level mean intensity of each parasite rose with prevalence, but the relationships were noisy, as shown in 




Figure 50: Arithmetic mean intensity against prevalence, for S. mansoni and each of the STHs. Equations describing k 
(the aggregation parameter of the negative binomial distribution) in terms of mEPG (the arithmetic mean of infection intensity 
in EPG), upper and lower estimates of k, and the numbers of schools, n, are all included above each plot. 
The solid blue lines of best fit in Figure 50 were plotted using non-linear least squares (the nls function of the 
stats package in R) to fit lines of the following form to the data: 
𝑃𝑃 = 100 − 100(1 + 𝑚𝑚𝐸𝐸𝐸𝐸𝐸𝐸
𝑘𝑘
)−𝑘𝑘 
In the above equation, P is the school-level prevalence, mEPS the school-level arithmetic mean of eggs observed 
per slide (the arithmetic mean infection intensity in EPG, mEPG, divided by 24), and k the aggregation parameter 
of the negative binomial (Anderson, 1987, Anderson and May, 1991). The degree of parasite aggregation varies 
with the level of infection – the parasites are less aggregated when the prevalence and mean intensity of 
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infection is higher (Levecke et al., 2015). This was modelled by allowing k in the above equation to be a linear 
function of mEPG, rather than a constant: 
𝑘𝑘 = 𝐴𝐴 + 𝐵𝐵𝑚𝑚𝐸𝐸𝐸𝐸𝐸𝐸  
A and B are constants, and substituting this into the earlier equation yields: 
𝑃𝑃 = 100 − 100(1 + 𝑚𝑚𝐸𝐸𝐸𝐸𝐸𝐸
𝐴𝐴 + 𝐵𝐵𝑚𝑚𝐸𝐸𝐸𝐸𝐸𝐸)−𝐴𝐴−𝐵𝐵𝑚𝑚𝐸𝐸𝐸𝐸𝐸𝐸  
Replacing mEPS with mEPG/24 gives: 
𝑃𝑃 = 100 − 100(1 + 𝑚𝑚𝐸𝐸𝐸𝐸𝐸𝐸24(𝐴𝐴 + 𝐵𝐵𝑚𝑚𝐸𝐸𝐸𝐸𝐸𝐸))−𝐴𝐴−𝐵𝐵𝑚𝑚𝐸𝐸𝐸𝐸𝐸𝐸 
These are the equations of the solid blue best-fit lines in Figure 50. Estimates of A and B, k at low mEPG (k = A), 
and k at high mEPG (k = A+B*maximum(mEPG)) are also shown for each parasite. These values of k at low and 
high mEPG were then substituted into the first equation, to plot lines representing the negative binomial 
relationship between P and mEPG, using data from the extreme values of k. These are the dashed grey lines – the 
lower lines are plotted with the minimum values of k (at low mEPG), while the higher lines are plotted with the 
maximal values of k (at high mEPG). These lines thus represent a boundary for the solid blue line. 
To investigate further this variation in infection aggregation with overall infection rates, two schools were 
selected – with high (90%) and lower (50%) A. lumbricoides prevalences. The distributions of A. lumbricoides 
intensities in these two schools were plotted, and negative binomials (parameterised in terms of the mean 
intensity in eggs per slide, mEPS and aggregation parameter, kNB) were fitted to the eggs observed per slide (EPS) 
data, using the following equations from Levecke et al. (2015): 
𝑚𝑚𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (𝑖𝑖𝑚𝑚𝑖𝑖𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑚𝑚 𝐸𝐸𝑃𝑃𝐸𝐸) 
𝑘𝑘𝑁𝑁𝐵𝐵 =  24 × 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑖𝑖𝑚𝑚𝑖𝑖𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑚𝑚 𝐸𝐸𝑃𝑃𝐸𝐸)24 × 𝑣𝑣𝑚𝑚𝑣𝑣𝑖𝑖𝑚𝑚𝑚𝑚𝑣𝑣𝑚𝑚(𝑖𝑖𝑚𝑚𝑖𝑖𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑚𝑚 𝐸𝐸𝑃𝑃𝐸𝐸)
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑖𝑖𝑚𝑚𝑖𝑖𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑚𝑚 𝐸𝐸𝑃𝑃𝐸𝐸) − 24 − 1  
The observed intensity distributions, and the fitted negative binomials, are shown below in in Figure 51, in 
which the school with high prevalence is seen to have a higher value of kNB, reflecting less aggregation of the 
parasites. The x axis and the estimate of school-level mean infection intensity are are presented in EPG units, 
rather than EPS (the units in which the negative binomial distribution was fitted to the data), and hence the 




Figure 51: Observed distributions of A. lumbricoides infection intensities in A: a school with 90% prevalence, and B: 
a school with 50% prevalence, with fitted negative binomials. Colours indicate intensities of infection. The bars are the 
observed frequencies of intensity in EPG, while the grey line shows the predictions from the fitted negative binomials (with 
parameters mEPS and kNB), rounded to the nearest integer. The intensities have been multiplied by 24 to convert to EPG, as 
has the mean estimate mEPS, to give the values presented as mNB. Where the overall level of infection is higher (in A), the 
parasites are less aggregated, k is higher, and the negative binomial distribution takes on a different shape. Colours indicate 
intensity of infection. 
7.3. WASH summary 
Water, sanitation, and hygiene characteristics of the 1,645 schools with matched WASH, enrolment, and Kato-
Katz data are summarised below: 
7.3.1. Water 
On-site year-round sources were available in 748 (45.5%) schools, while 61 (3.7%) had rainy-season only on-
site sources, and 836 (50.8%) had no on-site source. The breakdown of schools’ primary water sources in the 
rainy and dry seasons is presented in Table 13. 
Table 13: Schools’ primary water sources in the rainy and dry seasons. 
Water source 





Surface water (from rivers, ponds, 
or lakes) 469 28.5% 496 30.2% 
Borehole, tubewell, or protected 
dug well 197 12.0% 194 11.8% 
Standpipe 450 27.4% 451 27.4% 
Rainwater 77 4.7% 41 2.5% 
Protected spring 109 6.6% 115 7.0% 
Unprotected dug well 36 2.2% 37 2.2% 
Piped water 287 17.4% 290 17.6% 
Other 4 0.2% 8 0.5% 
aData missing for 16 schools, 1.0% 
bData missing for 13 schools, 0.8% 
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A total of 520 schools (31.6%, data missing for 14 schools) made use of surface water. There were 845 schools 
(51.4%) in which, as a result of the absence of an on-site water source for at least some of the year, children 
were required to contribute to the school’s water supplies by bringing water from elsewhere. Water was used for 
bathing in 389 schools (23.6%). 
7.3.2. Sanitation and hygiene 
These 1,645 schools had a total of 2,967 latrine blocks for students – corresponding to a mean of 1.8 student 
latrine blocks per school (SD = 0.7, user data missing for 169 latrines). Separate latrine blocks for boys and girls 
were present in 1,127 schools (68.5%). On average, there were 0.0081 boys’ latrine stalls per boy, 0.0065 girls’ 
latrine stalls per girl, and 0.0019 shared latrine stalls per child, and the SDs on these figures were relatively high 
(0.011, 0.0096, and 0.0049, respectively). 
Table 14: Summary of aspects of latrine conditions used in the calculation of the sanitation and hygiene scores. These 
are also referred to as the sanitation and hygiene factors. 
Indicator 















































734 24.7% 169 5.7% 
Presence of 
doors 
Doors for all 
stalls 1,576 53.1% 
Doors for 
some, but 
not all, stalls 



































walls 1,914 64.5% 
Walls with 






































209 7.0% 210 7.1% 
Flies No flies 515 17.4% 
Some flies 
(less than 





about 20 per 
stall) 
389 13.1% 212 7.1% 



















at the latrine 
205 6.9% 
No water for 
handwashing 
at the latrine 







at the latrine 
130 4.4% - - - 
No 
washbasins 
at the latrine 
2,584 87.1% 253 8.5% 









at the latrine 
29 1.0% 
Neither soap 
nor ash for 
handwashing 
at the latrine 
2,655 89.5% 237 8.0% 
aNote that in the calculation of the sanitation score, latrines with floors showing no signs of damage were assigned two, and those with floors 
that had cracked but in place were assigned zero, while those with floors that had broken into separate pieces and fallen into the pit were 
excluded from the calculation of the score. 
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These 2,967 latrines were most commonly pit latrines with cement slabs (1,886 latrines, 63.6%). Other forms of 
latrine included pit latrines without cement slabs (722 latrines, 24.3%), VIP latrines (166 latrines, 5.6%), 
composting toilets (six latrines, 0.2%), pour flush latrines to pits (six latrines, 0.2%), pour flush latrines to 
elsewhere (four latrines, 0.1%), and hanging latrines (eight latrines, 0.3%). Data on the kind of sanitation were 
missing for a further 169 latrines (5.7%). Summary data on latrine conditions are presented in Table 14. 
Almost all combinations of sanitation indicators were found to be highly associated by χ2 (the results of these 
tests are presented in Table 15, below, while the contingency tables may be found in Appendix 12). Indeed, non-
significant associations were only found for the combinations of sharing with the opposite gender with the 
presence of doors, and of water, washbasins, and soap or ash for handwashing, as well as the presence of doors 
with the presence of washbasins and soap or ash for handwashing.  
However, these results should be interpreted with caution. As the contingency tables (in Appendix 12) show, 
latrines were rarely rated as adequate. Such rare categories can give rise to high values of χ2 (Cochran, 1954). 
Furthermore, in large datasets, even very small associations may be statistically significant (Berkson, 1938). 
Estimates of Cramér’s V – a statistic varying between zero and one, in accordance with the strength of any 
association (McHugh, 2013) – were also calculated, and are shown in Table 16. These Cramér’s V values 
provide a deeper understanding of the associations between the various sanitation and hygiene factors. 
Particularly strong associations are seen between indicators of sanitary conditions, between those of hygiene 
provision, and between those of structural condition. For example, the highest Cramér’s V value was 0.60, for 
presence of flies and odour, closely followed by 0.59, for odour and cleanliness of floors, then by 0.55, for 
cleanliness of walls and cleanliness of floors, and 0.52, for flies and cleanliness of floors. The presences of 
water and washbasins for handwashing were also highly associated (Cramér’s V = 0.48), while the cleanliness 
of walls and presence of flies came next (0.43), followed by odour and the cleanliness of walls (0.42). The 
structural conditions of latrines’ floors were also highly associated with the privacy of their walls (Cramér’s V = 
0.38). On the other hand, comparing sanitation with hygiene factors yielded much lower Cramér’s V estimates – 
highest for cleanliness of floors and availability of water for handwashing (0.13). This makes sense since 
hygiene provision is distinct from sanitation maintenance, except in the case that water provided for 
handwashing may also be used to clean the latrine floors. 
Although these are certainly high values of Cramér’s V, they are not close to unity. As such, the incorporation 
of multiple highly associated indicators still provides more information than would be present if only one of the 
indicators was used. It was therefore decided not to exclude any of the sanitation factors. 
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Table 15: χ2 estimates, degrees of freedom (df) and P values for comparisons of the various sanitation factors. Statistics for non-significant associations (P > 0.05) are shown in bold and 




χ2 = 12.5 
df = 2 
P = 0.0019 
          
Presence of 
doors 
χ2 = 171.5 
df = 4 
P < 0.0001 
χ2 = 3.1 
df = 2 
P = 0.21 




χ2 = 393.4 
df = 4 
P < 0.0001 
χ2 = 11.4 
df = 2 
P = 0.0033 
χ2 = 154.1 
df = 4 
P < 0.0001 
        
Privacy of 
walls 
χ2 = 364.0 
df = 4 
P < 0.0001 
χ2 = 10.8 
df = 2 
P = 0.0045 
χ2 = 139.4 
df = 4 
P < 0.0001 
χ2 = 805.5 
df = 4 
P < 0.0001 
       
Cleanliness of 
floors 
χ2 = 39.3 
df = 4 
P < 0.0001 
χ2 = 18.0 
df = 2 
P = 0.00012 
χ2 = 29.5 
df = 4 
P < 0.0001 
χ2 = 266.8 
df = 4 
P < 0.0001 
χ2 = 175.2 
df = 4 
P < 0.0001 
      
Cleanliness of 
walls 
χ2 = 43.4 
df = 4 
P < 0.0001 
χ2 = 11.6 
df = 2 
P = 0.0031 
χ2 = 20.0 
df = 4 
P = 
0.00050 
χ2 = 325.9 
df = 4 
P < 0.0001 
χ2 = 279.4 
df = 4 
P < 0.0001 
χ2 = 1626.8 
df = 4 
P < 0.0001 
     
Flies 
χ2 = 14.5 
df = 4 
P = 0.0059 
χ2 = 33.9 
df = 2 
P < 0.0001 
χ2 = 26.7 
df = 4 
P < 0.0001 
χ2 = 291.7 
df = 4 
P < 0.0001 
χ2 = 131.6 
df = 4 
P < 0.0001 
χ2 = 1476.0 
df = 4 
P < 0.001 
χ2 = 1033.4 
df = 4 
P < 0.0001 
    
Odour 
χ2 = 26.0 
df = 3 
P < 0.0001 
χ2 = 12.7 
df = 2 
P = 0.0017 
χ2 = 24.6 
df = 4 
P < 0.0001 
χ2 = 229.8 
df = 4 
P < 0.0001 
χ2 = 150.7 
df = 5 
P < 0.0001 
χ2 = 1874/4 
df = 4 
P < 0.0001 
χ2 = 1950.3 
df = 4 
P < 0.0001 
χ2 = 1950.3 
df = 4 
P < 0.0001 
   
Water for 
handwashing 
χ2 = 35.3 
df = 4 
P < 0.0001 
χ2 = 1.7 
df = 2 
P = 0.43 
χ2 = 10.0 
df = 4 
P = 0.041 
χ2 = 15.6 
df = 4 
P = 0.0035 
χ2 = 46.6 
df = 4 
P < 0.0001 
χ2 = 88.5 
df = 4 
P < 0.0001 
χ2 = 50.8 
df = 4 
P < 0.0001 
χ2 = 55.3 
df = 4 
P < 0.0001 
χ2 = 51.8 
df = 4 





χ2 = 27.6 
df = 2 
P < 0.0001 
χ2 = 0.9 
df = 1 
P = 0.35 
χ2 = 3.39 
df = 2 
P = 0.18 
χ2 = 22.5 
df = 2 
P < 0.0001 
χ2 = 13.1 
df = 2 
P = 0.0014 
χ2 = 29.3 
df = 2 
P < 0.0001 
χ2 = 24.1 
df = 2 
P < 0.0001 
χ2 = 10.65 
df = 2 
P = 0.0049 
χ2 = 13.5 
df = 2 
P < 0.0001 
χ2 = 619.0 
df = 2 
P < 0.0001 
 
Soap or ash 
for 
handwashing 
χ2 = 25.6 
df = 4 
P < 0.0001 
χ2 = 3.4 
df = 2 
P = 0.18 
χ2 = 1.98 
df = 4 
P = 0.74 
χ2 = 9.8 
df = 4 
P = 0.04 
χ2 = 13.7 
df = 4 
P = 0.008 
χ2 = 38.7 
df = 4 
P < 0.0001 
χ2 = 34.9 
df = 4 
P < 0.0001 
χ2 = 30.0 
df = 4 
P < 0.0001 
χ2 = 21.3 
df = 4 
P = 0.0003 
χ2 = 447.3 
df = 4 
P < 0.0001 
χ2 = 281.2 
df = 2 
P < 0.0001 






















Table 16: Cramér’s V estimates the associations between the various sanitation condition factors. Estimates for non-




0.067           
Presence of 




0.27 0.065 0.18         
Privacy of 
walls 0.26 0.062 0.17 0.38        
Cleanliness 
of floors 0.085 0.081 0.079 0.22 0.18       
Cleanliness 
of walls 0.089 0.065 0.066 0.25 0.23 0.55      
Flies 0.051 0.11 0.076 0.23 0.16 0.52 0.43     
Odour 0.069 0.068 0.073 0.21 0.17 0.59 0.42 0.60    
Water for 




0.10 0.018 0.039 0.092 0.070 0.10 0.095 0.062 0.071 0.48  
Soap or ash 
for 
handwashing 
0.069 0.035 0.021 0.043 0.050 0.085 0.080 0.074 0.063 0.29 0.32 






















7.3.3. The WASH scores – their values and distributions 
The water score could not be calculated for 171 schools, due to missing data. For the remaining schools, the 
mean water score was 54.0 (SD = 113.5, range: 0 to 400). School-level water collection practices did not cause 
any exposure to schistosomes in 1,027 schools (69.7%), reflected by a water score of zero in these schools. 
The mean school sanitation score was 0.23 (SD = 0.37, range: 0 to 10.1, data missing for 481 schools, 29.2%). 
The sanitation score was zero for 93 schools (5.7%). The mean school hygiene score was 0.0060 (SD = 0.027, 
range: 0 to 0.48, data missing for 332 schools; 20.1%). The score was zero for 1,156 schools (70.3%). Evidence 
of open defecation was observed in 661 schools (40.2%, data missing for 43 schools, 2.6%). 
The distributions of the WASH scores were also plotted – these are shown in Figures 52, 53, and 54. The water 
score was zero for the majority schools, but there was also a peak at the maximum (representing schools in 
which students collected water from a river or lake daily throughout the school year). The sanitation and 




Figure 52: Distribution of water scores in the 1,645 schools. Colours indicate water scores. None of the higher scores are 
excluded from this figure, but 171 schools had some missing water data and their water scores could therefore not be 
calculated. 
 
Figure 53: Distribution of sanitation scores in the 1,645 schools. Colours indicate sanitation scores. Note that 33 of the 
highest scores (ranging from 0.78 to 10.1, with a mean of 1.4) are excluded from this figure, and that 481 schools had some 
missing sanitation data so their sanitation scores could not be calculated. 
 
Figure 54: Distribution of hygiene scores in the 1,645 schools. Colours indicate hygiene scores. None of the higher scores 




In order to aid interpretation of these WASH scores, schools with zero, low, medium, and high values of each 
score are chosen, and their water, sanitation, or hygiene described, in Table 17, below. 
Table 17: Descriptions of schools’ water, sanitation, and hygiene that gave rise to low, medium, and high scores. 
Water (higher scores reflect more exposure to schistosomes) 
Water score 
category Water score value Description of water collection practices 
Zero 0 Water for this school is never collected from open water bodies such as rivers or lakes. 
Low 16 
This school uses open water bodies for school water throughout the whole year. This 
water is collected by students, but water is collected only twice weekly throughout 
the year. Surface water body is used for only 0 to 4 weeks in each of the dry and 
rainy seasons. 
Medium 200 
This school uses open water bodies for school water in the rainy season, and a 
standpipe in the dry season. Water is collected daily by students. The respondent 
said that both sources were throughout the year (i.e. 40 weeks). Therefore, a 
correction factor of ½ was applied to keep the total number of school weeks in a year 
at 40. 
High 400 
Open water bodies are used as this school’s water supply throughout the year. Water 
is collected daily, by students. School responded that the same source was used 
throughout the year (i.e. 40 weeks), but a correction factor of ½ was applied to keep 
the total number of school weeks in a year at 40. 
Sanitation (higher scores reflect less exposure to the parasites) 
Sanitation score 
category Sanitation score value Description of school latrines 
Zero 0 This school has no latrines. 
Low 0.012 
This school has two student latrines – one for boys and one for girls. Both are pit 
latrines with cement floors, and each has two stalls and two doors. The floors of both 
latrines are in good structural condition, and the walls of both are fully private. The 
floors of both are unclean, but the walls of both are clean. Both have some flies or 
other insects, and both have highly intolerable odours. There are 2,257 boys and 
2,478 girls at this school. 
Medium 0.32 
This school has two student latrines, each with four stalls: one latrine for use by the 
309 boys and the other for the 256 girls. Both are pit latrines with cement slabs. The 
boys’ latrine has no doors, while the girls’ has two. The floor of the boys’ latrine is 
structurally sound, while that of the girls’ latrine has cracked but is in place. The 
boys’ latrine has fully private walls, while the girls’ one has walls with holes. The 
floors and walls of both are unclean, but there are no flies or other insects in either. 
The boys’ latrine has no odour, but the girls’ one has a slightly intolerable odour. 
High 0.78 
Students in this school have access to two latrines: one for the 133 boys, with four 
stalls, and another for the 133 girls, also with four stalls. Both are pit latrines with 
cement slabs and each has only two doors. The both have structurally sound floors 
and fully private walls. The boys’ latrine has a clean floor but the girls’ latrine a very 
unclean one. The walls of both are clean. The boys’ latrine has no odour, or flies or 
other insects, while the girls’ has a highly intolerable odour, and many flies or 
insects. 
Hygiene (higher scores reflect less exposure to the parasites) 
Hygiene score 
category Hygiene score value Description of handwashing facilities at school latrines 
Zero 0 This school has no soap, washbasins, or water for handwashing at any of the latrines used by students. 
Low 0.012 
This school has two latrines, each with four stalls: one for use by the 534 boys and 
another for use by the 331 girls. The floor of the boys’ latrine has collapsed into the 
pit. It is therefore out of use and excluded from the calculation of the hygiene score. 
The girls’ latrine has buckets containing water for handwashing, but no washbasins, 
and no soap or ash. 
Medium 0.29 
This school has two latrines, one with eight stalls, for the 180 boys, and another with 
five stalls, for the 179 girls. The floors of both are structurally sound. Both latrines 
have piped water for handwashing, and washbasins, but neither has soap or ash. 
High 0.48 
The 234 girls and 303 boys have access to only one latrine at this school, but it has 
32 stalls. It is structurally sound, and has piped water and washbasins for 




7.3.4. Spatial distribution of WASH scores 
Maps of the ranked water, sanitation, and hygiene scores are presented in Figures 55 and 56. Visual inspections 
of maps of these maps do not suggest much large-scale clustering of good and bad water, sanitation, and 
hygiene. 
 
Figure 55: Map of ranked woreda-level mean school water scores within Ethiopia. Darker shading reflects higher water 




Figure 56: Maps of ranked woreda-level mean school sanitation (A) and hygiene (B) scores within Ethiopia. Darker 
shading reflects lower sanitation and hygiene scores (note the difference with Figure 55) and worse sanitation facilities and 
hygiene provisions. The school with the maximal sanitation score (of 10.1), was excluded from Figure 56.A.  
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Moran’s I may be used for a more robust assessment of spatial clustering (Moran, 1950, Elliot et al., 2000). This 
was calculated for each WASH score, weighting school pairs according to their inverse distances (calculated 
neglecting the Earth’s curvature, as the square root of the sum of (i) squared differences between the latitudes, 
and (ii) the squared differences between the longitudes). While the results were statistically significant, the 
Moran’s I estimates were close to zero (I = 0.023 and P < 0.0001, I = 0.025 and P < 0.0001, and I = 0.020 and 
P < 0.0001 for the water, sanitation, and hygiene scores, respectively). While these small P values lead to the 
rejection of the null hypothesis that there was no spatial clustering in the WASH scores, the magnitudes of the I 
values reflect that there was not much spatial clustering in these scores. 
7.3.5. Quality control of the WASH data collection 
For quality control, the supervisors independently inspected school sanitation and hygiene alongside the 
enumerators in 12 schools. For the indicators used in the calculation of the sanitation and hygiene scores (i.e., 
those in Table 14), ratings were in agreement in 61.8% of cases. A further 34.5% were different but belonged to 
the adjacent class on the ‘adequate’, ‘inadequate’, and ‘very inadequate’ scale, while 3.8% were two classes 
apart. 
7.4. Statistical tests comparing WASH with the parasites 
7.4.1. Water and S. mansoni 
Of the 366 schools with WASH data and non-zero S. mansoni prevalences, 322 had complete data on school-
level water collection practices causing potential exposure to schistosomes. Schools with higher water scores 
(i.e. more frequent collection of water from potentially schistosome-infested sources) had significantly higher 
arithmetic mean S. mansoni infection intensities (Kendall’s τb = 0.097, 95% CI: 0.011 to 0.18). Their water 
scores are plotted against their S. mansoni infection intensities in Figure 57. 
 
Figure 57: School water scores and arithmetic mean intensities of S. mansoni infection. Kendall’s τb statistics, the 
equation of the least-squares line of best fit, and the number of included schools, are presented in the upper-right corner.  
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7.4.2. Sanitation, S. mansoni, and the STHs 
There were 366, 1,234, 881, and 906 schools with WASH data and at least one case of S. mansoni, A. 
lumbricoides, T. trichiura, and hookworms, respectively. Considering schools with complete sanitation data and 
at least one case of each parasite, these figures were 269, 876, 617, and 665 schools, respectively. Higher 
sanitation scores (indicating the presence of more latrine stalls per student, and in better condition), were 
associated with significantly lower intensities of A. lumbricoides infection (Kendall’s τb = -0.067, 95% CI: -0.11 
to -0.023). No statistically significant differences were observed for S. mansoni, (Kendall’s τb = 0.045, 95% CI: 
-0.036 to 0.13), T. trichiura (Kendall’s τb = -0.0031, 95% CI: -0.056 to 0.050), or hookworm (Kendall’s τb = -
0.039, 95% CI: -0.090 to 0.012), although in the case of hookworm, the difference was borderline statistically 
significant (P = 0.067). These schools’ sanitation scores are plotted against their average infection intensities in 
Figure 58. 
 
Figure 58: School sanitation scores against their arithmetic mean infection intensities for A: S. mansoni, B: A. 
lumbricoides, C: T. trichiura, and D: hookworm. The Kendall’s τb statistics, equation of the least-squares line of best fit, 
and sample size are presented in the upper-right corner of each graph. 
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7.4.3. Hygiene (handwashing following defecation) and the STHs 
There were 1,234, 881, and 906 schools with WASH data and some A. lumbricoides, T. trichiura, and 
hookworms, respectively. Considering schools with complete hygiene data and at least one case of each 
helminth, these figures were 989, 722, and 764 schools, respectively. Schools with higher hygiene scores (i.e. 
those with better availability of latrines with soap or ash, basins, and water for handwashing) had significantly 
less hookworm (Kendall’s τb = -0.076, 95% CI: -0.13 to -0.020). While the mean A. lumbricoides and T. 
trichiura infection intensities were lower for schools with higher hygiene scores (by Kendall’s τb test and the 
lines of best fit), the difference was not statistically significant (Kendall’s τb = -0.0076, 95% CI: -0.057 to 0.042 
and Kendall’s τb = 0.018, 95% CI: -0.040 to 0.076, respectively). These schools’ hygiene scores are plotted 
against their average infection intensities in Figure 59. 
 
Figure 59: School hygiene scores against their arithmetic mean infection intensities for A: A. lumbricoides, B: T. 
trichiura, and C: hookworm. The Kendall’s τb statistics, least-squares best fit line equation, and sample size are presented 
in the upper-right corner of each graph. 
 
7.4.4. Combined water and sanitation, and sanitation and hygiene scores 
After excluding schools missing water or sanitation data, with 0% S. mansoni prevalence, and those with the top 
5% of water and sanitation scores, 242 schools remained. The combined water and sanitation score was not 
significantly associated with the arithmetic mean intensity of S. mansoni infection (Kendall’s τb = 0.034, 95% 
CI: -0.052 to 0.12). A graph of arithmetic mean S. mansoni infection intensity against the combined water and 




Figure 60: School water and sanitation combined scores against their arithmetic mean S. mansoni infection 
intensities. Kendall’s τb statistics, the equation of the least-squares line of best fit, and the number of included schools, are 
presented in the upper-right corner. 
 
Having excluded schools missing sanitation or hygiene data, with 0% prevalence or each parasite, and those 
with the top 5% of sanitation and hygiene scores, 788, 556, and 586 schools remained for A. lumbricoides, T. 
trichiura, and hookworm, respectively. Higher combined sanitation and hygiene scores were associated with 
significantly lower mean infection intensities of A. lumbricoides (Kendall’s τb = 0.047, 95% CI: -0.094 to -
0.00063), but not T. trichiura (Kendall’s τb = 0.021, 95% CI: -0.035 to 0.077), or hookworm (Kendall’s τb = -
0.049, 95% CI: -0.10 to 0.0055). Graphs of the arithmetic mean STH infection intensities against combined 
sanitation and hygiene scores are provided in Figure 61: 
 
 
Figure 61: School sanitation and hygiene combined scores against their arithmetic mean infection intensities for A: A. 
lumbricoides, B: T. trichiura, and C: hookworm. The Kendall’s τb statistics, least-squares best fit line equation, and sample 
size are presented in the upper-right corner of each graph. 
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7.4.5. Evidence of open defecation, S. mansoni, and the STHs 
The results of the Mann-Whitney U tests, comparing helminth infection intensities with evidence of open 
defecation within the school compound, are shown in Table 18. Evidence of open defecation was associated 
with significantly more T. trichiura (P < 0.05), but with significantly less A. lumbricoides (P < 0.001), and with 
no statistically significant differences in S. mansoni or hookworm (P > 0.05 for both parasites). 




































S. mansoni 114 7.4 140 6.5 7786 > 0.05 
A. lumbricoides 347 47.5 516 82.8 75,511 < 0.0001 
T. trichiura 210 11.5 398 8.8 45,960 < 0.05 
Hookworm 230 12.5 423 12.2 50,727 > 0.05 
 
7.4.6. Average cleanliness and concreteness of latrines – assessing for possible 
transmission within the latrines 
As may be seen from the statistics in Figure 62, groups using latrines with cleaner floors had significantly lower 
intensities of hookworm infection, but no significant difference in intensity of infection with either A. 
lumbricoides or T. trichiura. Groups using latrines with a higher proportion of concrete floors had significantly 
lower intensities of all three STHs. These statistically significant associations suggest that inappropriately 
constructed, and inadequately maintained, latrines are promoting parasite transmission by exposing students to 




Figure 62: Comparisons between average cleanliness, average concreteness, and STH infection intensities. In contrast to many of the graphs above, each point represents either the boys or 
the girls in a school, rather than both. Note also that the y axes of the above graphs have logarithmic scales.  
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7.5. Comparisons between the WASH scores of the included and excluded 
schools 
The results of the Mann-Whitney U tests comparing the WASH scores of the schools with zero prevalence of 
each parasite, with schools with non-zero prevalence, are shown below in Table 19. While there were some 
statistically significant differences in WASH scores between schools with and without zero prevalences of each 
parasite, the differences between the median scores were small. Furthermore, the median sanitation score in 
schools with no hookworm infections was slightly higher. The fact that these tests revealed no strong or 
coherent trends (such as consistent and large differences between the median scores), supports the approach 
adopted, of excluding the zero prevalence schools from each analysis. 
7.6. Sanitation and hygiene sensitivity analyses 
Results in this section must be interpreted with caution, since many analyses have been run with similar, but 
slightly tweaked, scores – as such, the high risk of false positive results should be borne in mind (Colquhoun, 
2014). These results do, however, show how the exclusion of various factors (that is, the use of one in place of 
zero, one, or two according to a latrine’s adequacy regarding the factor of interest) affect the scores and their 
associations with the parasitic infection intensities. 
7.6.1. Comparisons between the values of sanitation and hygiene scores, and those of 
sensitivity scores calculated by setting all factors equal to one  
In Figure 63, the sanitation and hygiene scores are plotted against their sensitivity scores with all factors set to 
one – these sensitivity scores may be interpreted as the sum of the ratios of girls’ latrines to girls and boys’ 
latrine to boys, multiplied by nine (for the sanitation score) or three (for the hygiene score). The schools with the 
highest 5% of scores have been removed from their respective graphs to enhance clarity. One more school with 
a very high x value in the hygiene graph was also excluded for the same reason. 
The deviations from the line of y = x on the sanitation graph represent the changes made to the sanitation score 
when the condition indicators were incorporated, and it may be seen from these deviations that incorporating 
these factors did in general have a notable impact on the score. Indeed, as Table 20 shows, the ratios of 
sensitivity scores to original scores generally had means of around one, but reasonably large SDs – meaning that 
these factors gave important contributions to the scores. 
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Table 19: Comparisons of WASH scores between schools with zero and non-zero prevalences of each parasite. 



















Whitney U P value Interpretation 
S. mansoni 1,152 322 0 0 190,430 0.37 
No significant 
difference in water 
scores between 
schools with some S. 
mansoni, and with no 
S. mansoni 



















Whitney U P value Interpretation 




between schools with 
some S. mansoni, and 
with no S. mansoni 
A. lumbricoides 288 876 0.19 0.16 138,650 0.011 






T. trichiura 547 617 0.18 0.16 182,290 0.018 
Schools with some T. 




Hookworm 499 665 0.15 0.18 152,410 0.017 
Schools with some 























Whitney U P value Interpretation 
A. lumbricoides 324 989 0 0 165,860 0.091 
No significant 
difference in hygiene 
scores between 
schools with some A. 
lumbricoides, and 
with no A. 
lumbricoides 
T. trichiura 591 722 0 0 215,740 0.53 
No significant 
difference in hygiene 
scores between 
schools with some T. 
trichiura, and with 
no T. trichiura 
Hookworm 549 764 0 0 203,210 0.088 
No significant 
difference in hygiene 
scores between 
schools with some 
hookworm, and with 
no hookworm 
 
Green interpretations represent zero-prevalence schools having significantly better WASH scores. 
Red interpretations represent zero-prevalence schools having significantly worse WASH scores. 
Black interpretations are those with no significant difference in WASH scores between schools with and 





Figure 63: Sanitation and hygiene scores against what those scores would be if all factors were set equal to one. Note 
that schools with missing data are excluded from the graphs, as are the top 5% of scores, to enhance clarity. 
Table 20: Means and SDs of the ratios of the various sensitivity scores to the original sanitation and hygiene scores. 
 
Mean of ratio of sensitivity 
score to original 
SD of ratio of 
sensitivity score to 
original 
Sanitation score excluding sharing factor 0.97 0.1 
Sanitation score excluding all factors except sharing 0.92 0.38 
Sanitation score excluding doors factor 0.97 0.08 
Sanitation score excluding all factors except doors 0.93 0.38 
Sanitation score excluding kind factor 1.02 0.07 
Sanitation score excluding all factors except kind 0.86 0.36 
Sanitation score excluding structural condition of floor factor 0.98 0.1 
Sanitation score excluding all factors except structural condition of floor 0.91 0.34 
Sanitation score excluding privacy of walls factor 0.95 0.06 
Sanitation score excluding all factors except privacy of walls 0.94 0.39 
Sanitation score excluding cleanliness of floors factor 1.01 0.07 
Sanitation score excluding all factors except cleanliness of floors 0.88 0.36 
Sanitation score excluding cleanliness of walls factor 0.98 0.07 
Sanitation score excluding all factors except cleanliness of walls 0.9 0.37 
Sanitation score excluding presence of flies factor 1.01 0.07 
Sanitation score excluding all factors except presence of flies 0.94 0.21 
Sanitation score excluding odour factor 1.02 0.07 
Sanitation score excluding all factors except odour 0.94 0.21 
Hygiene score excluding water for handwashing factor 1.08 0.4 
Hygiene score excluding all factors except water for handwashing 2.06 1.13 
Hygiene score excluding washbasins factor 1.45 0.68 
Hygiene score excluding all factors except washbasins 1.69 0.76 
Hygiene score excluding soap for handwashing factor 1.61 0.54 
Hygiene score excluding all factors except soap for handwashing 1.53 0.85 
Sanitation score excluding all factors 0.79 0.29 
Hygiene score excluding all factors 2.11 1.3 
The hygiene graph in Figure 63, however, is less easily interpreted. Since availability of washbasins at the 
latrine is a binary factor (they were rated as either present or absent, rather than adequate, inadequate, or very 
inadequate), the washbasin factor took a value of either zero or two. This, combined with the facts that only 
three factors were included in the hygiene score, and that most schools had no hygiene provisions, made it very 
rare for schools’ hygiene scores with all factors excluded, to be equal to their hygiene score (it was only the case 
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for one school). Apart from the large number of schools on the x axis (schools with hygiene scores of zero, since 
they had no water, washbasins, or soap or ash at any of the latrines), another notable feature is the number of 
schools lying on the line of y = x/3. Schools could be on that line for a number of different reasons. For 
example, each of the latrines might be rated inadequate on one hygiene factor and very inadequate on the other 
two. Alternatively, of a school’s two latrines (with equal numbers of stalls), one might be rated adequate on one 
factor and very inadequate on the other two (or inadequate on two factors and very inadequate on the third), 
with the other latrine being rated very inadequate on all factors. 
7.6.2. Comparisons between the various sensitivity scores’ associations with the 
parasitic infection intensities 
Comparisons between the sanitation scores excluding all factors, and the arithmetic mean infection intensities, 
may be seen in Figure 64, below. Compared with the full sanitation scores shown in Figure 58, these scores 
demonstrated slightly stronger associations with the intensities of A. lumbricoides and T. trichiura, and slightly 
weaker associations with S. mansoni and hookworm. However, none of those differences were statistically 
significant (the CIs for each pair of τb estimates overlapped). 
The results of the sanitation and hygiene sensitivity analyses considering scores with various factors set as one 
rather than zero, one, or two according to the condition of the school sanitation or hygiene are presented in 
Table 36 of Appendix 13. The graphs of the various parasitic intensities against the sanitation and hygiene 
sensitivity scores may be seen in Appendices 13 and 14. 
Despite fairly large SDs on the ratios of sensitivity to original scores (that is, a fair amount of difference 
introduced by excluding most of the factors), the various sanitation factors were not found to cause great 
changes in the results. 
The sanitation score was not significantly associated with S. mansoni in the primary analysis, and this also held 
for all the sensitivity analyses. It was significantly associated with A. lumbricoides, a result which held 
throughout all the sensitivity analyses. Regarding T. trichiura, no statistically significant association was found 
with the sanitation score, nor in any of the sensitivity analyses. The sanitation score was associated with a 
borderline statistically significant difference in hookworm intensity, but it did not become statistically 




Figure 64: School sanitation scores, considering only the numbers of students and latrines, against their arithmetic 
mean infection intensities for A: S. mansoni, B: A. lumbricoides, C: T. trichiura, and D: hookworm. The Kendall’s τb 
statistics, equation of the least-squares line of best fit, and sample size are presented in the upper-right corner of each graph. 
The x values in these graphs were calculated by disregarding all the sanitation condition factors – assuming they were 
inadequate and therefore using one for each element of the sum in the score calculation, rather than zero if its factor was very 
inadequate, one if inadequate, or two if adequate (see Figure 23). As such, they may be understood as roughly the sum of 
girls’ latrines per girl and boys’ latrines per boy, multiplied by nine. 
 
On the other hand, the hygiene score was very sensitive to the removal of various factors. This behaviour 
resulted from the fact that very few schools (142 of the 1,645 schools) had non-zero hygiene scores (of the 
remaining schools, 428 lacked data and 1,075 had a hygiene score of zero). The hygiene sensitivity analyses 
therefore had the effect of taking many schools’ hygiene scores of zero and replacing them with scores 
proportional to sanitation scores – this explains why the hygiene sensitivity analyses display similar associations 
to the sanitation analysis and sensitivity analyses. To aid in the comparison of the various Kendall's τb estimates 
and CIs in Table 36, they are displayed in forest plots in Figures 65 to 71. 
The overlap of the CIs in so many of the sanitation forest plots below, shows that none of the scores’ 
associations with the parasites changed greatly upon the removal of any of the factors. This implies that there 
were no strong differences in the abilities of the various sanitation and hygiene factors to predict the parasitic 
infection intensities. The only significant differences to occur between sensitivity scores were with hygiene and 
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A. lumbricoides – the reason for this is likely that, as discussed in the paragraph above, most latrines had no 
water, washbasins, or soap/ash – the hygiene sensitivity analyses brought these into the analysis by giving them 
a one, rather than a zero, for the factor in question. This caused the hygiene score to be on a similar numerical 
scale to the sanitation scores. 
 
Figure 65: Forest plot for the S. mansoni and sanitation sensitivity analysis. The squares are the Kendall's τb estimates, 
and the horizontal lines are the 95% CIs. 
 
Figure 66: Forest plot for the A. lumbricoides and sanitation sensitivity analysis. The squares are the Kendall's τb 




Figure 67: Forest plot for the T. trichiura and sanitation sensitivity analysis. The squares are the Kendall's τb estimates, 
and the horizontal lines are the 95% CIs. 
 
 
Figure 68: Forest plot for the hookworm and sanitation sensitivity analysis. The squares are the Kendall's τb estimates, 




Figure 69: Forest plot for the A. lumbricoides and hygiene sensitivity analysis. The squares are the Kendall's τb estimates, 




Figure 70: Forest plot for the T. trichiura and hygiene sensitivity analysis. The squares are the Kendall's τb estimates, and 




Figure 71: Forest plot for the hookworm and hygiene sensitivity analysis. The squares are the Kendall's τb estimates, and 




This is the first national-scale study to have quantitatively compared intestinal parasitic infection rates in schools 
with varying WASH conditions. As a result of the study’s scale, it was possible to include many schools – even 
with S. mansoni, a parasite known to occur focally in space, data were available for 15,874 students in 322 
schools, and 13,268 students in 269 schools in the water and sanitation analyses, respectively. This has enabled 
a statistically powerful comparison of WASH with the various parasitic infection intensities. The results of this 
analysis are suggestive of impacts of WASH on the parasites, and will hopefully help to guide future decision-
making on the integration of different school health programmes. 
The statistically significant association between the water score and S. mansoni infection intensity suggests that 
compelling children to bring water to school from open water bodies may cause measurably (if only slightly) 
higher intensities of infection. It is understood that water collection usually causes a relatively small fraction of 
the total exposure to schistosomes, while other activities such as recreational swimming, bathing, and laundry 
are often more important (see Chapter 5). Indeed, an alternative explanation of this finding is that the proximity 
of schools to open water bodies might drive the use of the latter both as a school water source, and for 
recreational swimming and bathing. Intervention studies, combining school safe water supply provision with the 
monitoring of schistosome infection rates, would reveal the relative importances of these different possible 
causes of association. 
Concerning sanitation, a recent study carried out in Kenya found that schools with more latrines per pupil and 
with newer latrines had significantly higher latrine usage rates; P < 0.01 when comparing adjusted incidence 
rate ratios (Garn et al., 2013). Increased use of sanitation (which was unfortunately unfeasible to measure 
directly in this study) should reduce open defecation in and around the school compound, and might therefore be 
expected to reduce transmission of schistosomes and the STHs.  
Schools with better sanitation did have statistically significantly lower A. lumbricoides, and borderline 
significantly lower hookworm, infection intensities. The magnitudes of these associations are reflected by the 
Kendall’s τb values of -0.067 and -0.039, respectively – this statistic may take values between -1 for completely 
opposite ranks in the two variables, and one for complete concordance in the ranks. Anderson et al. (2013) have 
shown that children produce a smaller proportion of hookworm eggs than of A. lumbricoides eggs. By 
extension, perhaps exposure around the school compound is more important in the transmission of A. 
lumbricoides, while a greater proportion of hookworm infections occur elsewhere, as a result of larvae deposited 
by infected adults, rather than by children. An alternative explanation is that delays in the preparation and 
reading of Kato-Katz slides, may have led to a lower sensitivity for hookworm infections (WHO, 1994, 
Dacombe et al., 2007). This might have hindered our ability to detect an association with sanitation conditions. 
Although T. trichiura and A. lumbricoides follow very similar life cycles, and there was a significant association 
between sanitation and A. lumbricoides, none was found between sanitation and T. trichiura. This may be due to 
differences between the parameters of these parasites’ transmission. T. trichiura has been described as 
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‘intrinsically more resistant to control than either hookworm or A. lumbricoides’ (Bundy and Cooper, 1989) on 
account of its higher basic reproduction ratio (R0). A. lumbricoides eggs survive for longer than do those of T. 
trichiura, and the latter also have lower lethal and optimal embryonation temperatures (Bundy and Cooper, 
1989) – although even the latter may survive for months under ideal conditions of shady, moist soil (Feachem et 
al., 1983). Perhaps therefore temperature is a more important limit on T. trichiura transmission, while that of A. 
lumbricoides is more amenable to control through containment of the eggs. Another possibility is that the 
slightly lower sensitivity of the Kato-Katz technique for T. trichiura infections (Tarafder et al., 2010, Levecke et 
al., 2011) may have prevented the detection of an association with sanitation conditions – particularly since it 
was feasible only to examine one slide from one stool specimen per participant in this survey. 
There was no statistically significant association between sanitation score and mean intensity of S. mansoni 
infection, which may be explained with reference to the parasite’s life cycle, which requires that eggs in the 
faeces enter freshwater containing an intermediate host snails (Colley et al., 2014). Inadequate sanitation leading 
to open defecation in and around the school compound does not imply that faeces will enter freshwater bodies.  
Although open defecation within the school compound may sustain STH transmission, it is also possible that 
inadequately built or maintained latrines may exacerbate transmission, by concentrating defecation in one place, 
and bringing students into that place. This concern has previously been raised for hookworm (Ziegelbauer et al., 
2012), but it could also apply to A. lumbricoides and potentially to T. trichiura, particularly in simple pit latrines 
without cement floors (Bundy and Cooper, 1989, Baker and Ensink, 2012). In this analysis, the finding that 
cleanliness and concreteness of latrine floors were most strongly associated with intensity of hookworm 
infection makes sense, since infection with this parasite may take place during dermal contact (for example of 
bare feet) with the latrine floor. It was interesting that higher rates of concrete-floored latrines was associated 
with significantly lower intensities of infection with all STHs, while latrine floor cleanliness was associated with 
significantly lower hookworm, but not A. lumbricoides or T. trichiura intensities. This may be because 
cleanliness of latrine floors is highly variable in time, while if latrine floors were concrete on the day of 
inspection, it is likely that they would have been concrete for some time. 
With this in mind, the benefit derived from better sanitation preventing open defecation around the school 
compound may be opposed by a tendency towards more parasite transmission within latrines that see greater use 
– this, in conjunction with the relative longevity of A. lumbricoides eggs, may partly explain the statistically 
non-significant association between sanitation and T. trichiura. 
The statistically significantly lower hookworm infection intensities in schools with better hygiene is difficult to 
explain, particularly given the lack of significant associations between hygiene and A. lumbricoides or T. 
trichiura infection intensities. Although A. duodenale infection can occur orally, hookworm infections generally 
result from dermal contact with the larvae, while A. lumbricoides and T. trichiura infections are caused only by 
ingestion of the eggs. Handwashing might therefore be expected to have the most pronounced impacts on the 
transmission of A. lumbricoides and T. trichiura, rather than that of hookworm. This analysis was affected by 
the very large proportion of schools with no hygiene facilities (70.3% had hygiene scores of zero), as well as the 
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very low infection rates in the few schools with good hygiene. It may be an example of a ‘false discovery’ – that 
is, a statistically significant trend in the data due to chance rather than to any relationship between handwashing 
in school and hookworm infection intensity (Colquhoun, 2014). 
The finding that schools with evidence of open defecation had significantly lower A. lumbricoides, but 
significantly higher T. trichiura infection intensities, appears to contradict the finding that schools with better 
sanitation had significantly less A. lumbricoides but no significant difference in T. trichiura. It is possible that 
this paradox arose from the aforementioned biological differences between the parasites. However, open 
defecation at school likely takes place in different sites, in a manner similar to that found for open defecation 
around an Egyptian village (Headlee, 1933). It is possible that data collectors may have missed faeces in many 
schools, or they may have found evidence of open defecation in schools that until recently had been very clean. 
Once more, the lack of a statistically significant association between this indicator and S. mansoni infection 
intensities was not surprising given its life cycle, which is unlikely to be completed within the school 
compound. 
This study suffered several limitations. Transmission, particularly of the STHs, likely occurs around the home as 
well as the school, and in other areas. However, it was unfortunately unfeasible to assess household WASH in 
this project. Furthermore, it is possible that the various sanitation condition factors (privacy, doors, intolerable 
odours, flies, damaged floors, and unclean walls and floors) are not equally important in the determination of 
sanitation disgustingness and use. However, no studies could be identified on the relative importance of these 
factors in determining how likely students are to use latrines. Also, although rating sanitation conditions on the 
semi-quantitative scale of ‘adequate’, ‘inadequate’, and ‘very inadequate’ is necessarily subjective, the 61.8% 
exact agreement between data collectors and supervisors was slightly lower than the 30 schools project (Section 
6.6), where agreement rates were around 70%. Because of the scale of this project, supervision was necessarily 
less close, and it was unfeasible to include a school visit as part of the training. These may have contributed to 
the difference. 
All the statistical tests in these analyses were univariate (a result of the choice to use non-parametric statistical 
tests, to avoid making false assumptions about the distributions of parasitic infection intensity). It would have 
been interesting to adopt a multivariate approach, which would have adjusted the effect size for each WASH 
score according to the effect size for the other WASH scores, and would have precluded spurious statistically 
significant associations resulting from multicollinearity in the WASH scores. Many studies in risk factors for 
helminth infection have been conducted at the community level, where the negative binomial distribution 
describes infection intensity (Bradley and May, 1978). These studies have commonly failed to account for the 
fact that infection intensity is not normally distributed, they have employed multivariate logistic regression to 
calculate adjusted ORs for helminth infection according to various determinants, or they have developed linear 
models for the logarithm of infection intensity (Wilson and Grenfell, 1997). Other approaches such as 
maximum-likelihood methods and generalised linear models, which specify the negative binomial distribution 
of infection intensities, were rarely used. In this project, the school (rather than the person) was the unit of 
analysis. The collection and comparison of WASH and helminth infection intensity data on this national scale 
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has few precedents. The dependent variables in these analyses (the school-level arithmetic mean infection 
intensities, shown in Figures 45-48) are not distributed according to the normal or negative binomial 
distributions, and theory does not predict that they would be. Hence, methods from the analysis of community-
level data cannot necessarily be directly applied to this national-scale, school-level analysis. A few recent 
studies have analysed risk factors for helminth infection using datasets of a similar structure (Freeman et al., 
2015, Lai et al., 2015, Soares Magalhães et al., 2011), and these studies have all used binary independent 
variables. For the analysis presented in this thesis, it was felt that the disadvantage of not being able to perform a 
multivariate analysis was a price worth paying to allow a richer representation of WASH (as continuous rather 
than dichotomous variables). The fact that the water, sanitation, and hygiene scores were statistically 
significantly associated with different parasitic infection intensities (S. mansoni, A. lumbricoides, and 
hookworm, respectively) suggests that any multicollinearity was not a serious problem – though it should be 
acknowledged that the sanitation and hygiene scores had similar structures, and this may explain why 
hookworm was significantly associated with the hygiene scores, and borderline significantly associated with the 
sanitation score. 
None of these analyses were conducted at the individual level, and it is known that associations found at an 
aggregated level are not necessarily also present at the individual level. This is known as ecological bias, and it 
can result from either confounding by the group variable (in this case, the various schools), or from effect 
modification – that is, a variation in the level of effect between differing groups (Greenland and Morgenstern, 
1989). It would therefore be inappropriate to extrapolate from the school-level relationships found here to 
predict individual-level associations between WASH and the parasites. Making statements about the number of 
parasitic worms the average child is infected with purely as a result of inadequate WASH would have a certain 
immediacy, but it might not actually be that useful for practical purposes. Esrey and Habicht (1986) advocate 
the community level as being appropriate for the investigation of the health benefits of WASH, since members 
of the same community generally share other, non-WASH factors related to exposure. To ignore this would be 
to make invalid statistical assumptions. Furthermore, school WASH is, clearly, a school- or community-level 
variable, and children within a certain community are almost always exposed to the same WASH at the same 
school. The school level is therefore the most obvious one at which to investigate the impact of school WASH 
on the parasitic infections. Finally, PC programmes against these parasites generally take place through schools, 
with treatment frequencies depending on the local prevalence of infection (WHO, 2011). Their impact is 
monitored and evaluated at levels from the school up to the nation. The school level is therefore the finest one at 
which any additional benefit of WASH, on top of that provided by the PC, can be evaluated.  
A related point is that different WASH elements might be expected to have impacts on the various parasites at 
different levels. As discussed above, the public domain is likely to be more important in the transmission of 
schistosomes, while STHs can also be transmitted around the household (in the domestic domain). Household-
level analyses comparing access to sanitation with infection may therefore be much less useful for the 
schistosomes than for the STHs. This point does not apply to comparisons of safe water supplies with 
schistosome infection, or to those of hygiene practices (the washing of hands following latrine use when 
considering STHs, or the use of soap during water contact when considering schistosomes) with infection – 
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since in these cases, the most pronounced effect on infection might be expected to be upon person with the 
inadequate WASH in question. 
7.8. Conclusions 
Statistically significant associations were identified between school water collection practices and S. mansoni, 
school sanitation and A. lumbricoides, and school hygiene and hookworm. This analysis suggests that certain 
aspects of WASH may prevent the transmission of S. mansoni around, and STHs within, schools – it thus 
advocates for school WASH improvements to be included in STH control and school health and nutrition 
programmes. However, the associations were somewhat moderate, as reflected by the small Kendall’s τb values. 
Children also spend time (and become infected with these parasites) outside of school. This may partly account 
for these low values. Furthermore, the data are observational. The results consequently represent the strengths of 
current associations, rather than the potential impacts of WASH on the parasites. On the other hand, they likely 
also reflect the many local social and environmental factors that modulate the impact of WASH on the parasites’ 
transmission. 
Regarding S. mansoni, this analysis suggests that the prevention of water collection for school should reduce 
transmission, while improving school sanitation would have little impact on the transmission of parasite. On the 
other hand, improvements to school sanitation (primarily increases in the latrines to students ratio) should 
reduce that of A. lumbricoides and, to a lesser extent, hookworm. Keeping latrines clean and replacing non-
concrete floors with those made of concrete are important prevention measures for all three STHs, since the 
statistically significant associations between concreteness and their intensities is suggestive of transmission 
taking place therein. This analysis also suggests that improving handwashing provisions should have the most 
marked impact on hookworm transmission, but this somewhat unexpected finding requires further investigation. 
Future studies should explore whether these associations hold in different countries, and in the contexts of 
WASH interventions and of reinfection following PC. Investigation of programmatic questions, such as the 
cost-effectiveness of large-scale WASH programmes versus PC in the control of STHs, is also needed to ensure 
that these programmes achieve maximal health benefits. 
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Chapter 8. Discussion 
This PhD research has investigated the relationships between water, sanitation, and hygiene – defined in places 
as handwashing with soap following defecation, and in others as the use of soap during water contact – and 
infection with Schistosoma, A. lumbricoides, T. trichiura, and hookworms. The specific contributions to 
knowledge have been the systematic review (the first to be conducted for WASH and Schistosoma), and the 
national mapping analysis (the relationships between school WASH, Schistosoma, and the STHs had not 
previously been quantified), and the school WASH scores were an innovative approach arising from this 
research. 
This chapter discusses separately each combination of the parasites and WASH elements. Finally, it discusses 
the issue of differences in the definitions used for WASH and infection in this research, and draws comparisons 
between the results of the meta-analyses and those of the national mapping analysis. 
8.1. Schistosoma 
8.1.1. Schistosoma and water 
The qualitative review of the literature in Chapter 5 discussed how schistosome transmission takes place, and 
how it might be disrupted with water supplies. Since infection takes place during dermal contact with infested 
water, providing safe water supplies that remove these activities from infested water bodies should prevent 
transmission. However, this review also drew attention to some complexities of schistosome transmission 
(factors such as hosts’ immunological and physiological defences against the parasites), as a result of which, 
infection is not directly proportional to exposure, and therefore water supplies that prevent a given proportion of 
exposure cannot be expected to prevent the same proportion of infections. It also revealed examples of people 
continuing to use infested water after the provision of safe water supplies, as well as engaging in activities such 
as recreational swimming. These types of water contact would not be prevented through the provision of 
conventional safe water supplies. The conclusion was that certain types of water supply might reduce 
schistosome transmission, but that they would be expected to have very different impacts on people of different 
ages, genders, and religions, and in different communities. 
The systematic review and meta-analysis found that within endemic communities, the availability of safe water 
supplies was associated with significant lower odds of Schistosoma infection. This was the case for each of the 
three schistosome species investigated – S. haematobium, S. japonicum, and S. mansoni, with ORs of 0.57 (95% 
CI: 0.45 to 0.71), 0.37 (95% CI: 0.30 to 0.46), and 0.53 (95% CI: 0.47 to 0.61) – and it therefore also held for 
Schistosoma in general (OR = 0.53, 95% CI: 0.47 to 0.61). However, these findings are likely due in large part 
to socioeconomic confounding. As discussed in the discussion of the systematic review (Section 4.5), people of 
lower SES generally have worse access to WASH, but are also more exposed to schistosomes due to 
occupational exposure, less knowledge of the transmission of the parasites and the availability of treatment, and 
less ability to pay for diagnosis and treatment.  
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A degree of heterogeneity was found in these analyses, with the overall analysis having a Higgins’ I2 value of 
83%. This reflects the qualitative review’s conclusion that any impact of water supplies on schistosome 
transmission would be highly context-dependent. For example, in one community people may collect water 
from an unsafe, open, but nonetheless uninfested water source – i.e. one that has simply not been colonised by 
snails and does not harbour cercariae. Alternatively, the heterogeneity may simply be due to variation in the 
relationship between SES and access to WASH, and between SES and knowledge about schistosomiasis and 
access to its treatment. 
Very few S. mansoni (and no S. haematobium) cases were identified in the 30 schools project, and therefore a 
comparison of household water supplies and schistosome infections was unfeasible in this project. However, in 
the subsequent national mapping project, 322 schools had complete water collection data, and some level of S. 
mansoni infection. Increasing water scores (that is, frequency of collection of water from rivers and lakes, by 
students) was associated with a small but statistically significant rise in the mean intensity of S. mansoni 
infections in those students (Kendall’s τb = 0.097, 95% CI: 0.011 to 0.18). School water collection practices are 
likely much less reflective of SES than household water supplies, since they are generally provided by the 
government or NGOs. 
In summary, the research methods used in this PhD identified statistically significant associations between water 
– both access to a safe source at home, and frequency of water collection at school – and Schistosoma infection. 
It is likely that the smaller association found in the national analysis is more reflective of a real association 
between exposure and infection, while the stronger associations found in the meta-analysis resulted largely from 
socioeconomic confounding. Since water collection is understood to cause a relatively small proportion of 
contact with schistosome-infested water, there is a need for more studies to investigate interventions that address 
water contact during the more important activities such as recreational swimming, laundry, and bathing, as well 
as other activities of a more local importance, such as fishing, car washing, and crossing rivers or streams. 
8.1.2. Schistosoma and sanitation 
Miracidia enclosed in schistosome eggs released in the urine or faeces, must encounter freshwater intermediate 
host snails in order to continue their development into cercariae that can eventually infect people. As such, 
adequate sanitation – simply that which contains urine and faeces long enough to kill any miracidia – might be 
expected to reduce transmission of schistosomes. 
The qualitative review (in Chapter 5) revealed that any link between sanitation and schistosome transmission is 
even more difficult to predict, than the one between water supplies and transmission. Schistosome transmission 
depends not only on open defecation or urination, but rather the input of eggs in the faeces or urine, into water 
bodies harbouring intermediate host snails. Particularly in the case of S. mansoni – and presumably of S. 
japonicum – this may occur without defecation into the water, when eggs are washed off the skin or clothes. It 
may also occur due to animal reservoir hosts – particularly in the case of S. japonicum. On the other hand, open 
defecation or urination away from water bodies is very unimportant in transmission of the parasites, since the 
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miracida will desiccate before they can infect a snail. Yet more complexity is introduced by the role of the snails 
in transmission. One miracidium infecting a snail will give rise later to the release of many cercariae, but if more 
miracidia infect the same snail, the output of cercariae may decrease (due to a phenomenon known as ‘sporocyst 
crowding’). Another mechanism through which large miracidium numbers may reduce cercaria numbers is by 
inducing snail mortality. Finally, if enough sewage enters water bodies, it brings not only miracida but also 
organic pollution – which may be detrimental or beneficial to the snails, depending on the amount of sewage 
and the baseline level of organic pollution.  
As with safe water, the meta-analysis revealed that people with access to adequate sanitation had significantly 
lower odds of S. mansoni (OR = 0.59, 05% CI: 0.47 to 0.73) and S. haematobium (OR = 0.69, 95% CI: 0.57 to 
0.84) – no eligible studies on S. japonicum were found, and these estimates were not pooled across species due 
to the fact that S. haematobium eggs are released in the urine, while those of S. mansoni are released in the 
faeces. The comments on possible socioeconomic confounding made above, in the discussion of the safe water 
and Schistosoma meta-analysis, also apply to the sanitation meta-analysis. Indeed, schistosome transmission 
generally takes place at the community level; that is, people become infected with cercariae released by snails in 
water bodies outside of the household. These snails have previously been infected by miracidia from fellow 
members of the community, but not necessarily members of their household. It is therefore likely that the 
sanitation of the overall community is a more important determinant of transmission, than that of the household. 
However, very few studies have investigated associations between community-level aggregations of household 
access to sanitation, and schistosome infection.  
In common with the water meta-analysis, the sanitation meta-analysis demonstrated high heterogeneities (I2 = 
89% for S. mansoni and 82% for S. haematobium). Perhaps this is partly due to distances between households 
and water contact sites – if the household latrine is sufficiently near to the water contact site, people may return 
to use it, whereas this is much less likely when the latrine is further away. Alternatively, as with the water and 
Schistosoma meta-analysis, it’s possible that this heterogeneity reflects differences in the way that people of 
higher SES are more protected from exposure to schistosomes. 
Given the mixed findings from the qualitative and systematic reviews, the national mapping provided a useful 
opportunity to investigate the question from a different angle: using data on school sanitation, which, as 
mentioned above, is likely less dependent on SES. However, in this analysis only S. mansoni could be compared 
with sanitation, given the very low levels of S. haematobium. 
No statistically significant associations were found here – neither when comparing S. mansoni infection 
intensity with a sanitation score, incorporating both latrines per student, and the hygienic and structural 
conditions of latrines, nor when comparing it with any of the sensitivity analysis scores, which incorporated 
different combinations of these condition factors, as well as none of them. The Kendall’s τb estimate considering 
the main sanitation score was 0.045 (95% CI: -0.036 to 0.13), indicating a slight (statistically insignificant) 
increase in intensity of infection, with improvements in sanitation coverage. The prime reason for this is 
presumably that the choice rarely arises of whether to defecate in the school latrine, or into the water at the local 
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schistosome transmission site. Indeed, the presence of faeces around the school compound was not associated 
with a significant difference in S. mansoni intensity, which is not surprising since any miracidia in stools 
deposited around a school compound, would desiccate rather than sustain schistosome transmission. 
Furthermore, as mentioned above, the impact of reductions in the input of miracidia into water, on subsequent 
levels of exposure and infection, are modulated by many different factors. 
In summary, the research suggests that sanitation – that is, the construction and use of pit latrines – generally has 
little bearing on schistosome transmission. In certain circumstances, it may be that vegetation around rivers or 
irrigation canals is a source of privacy and therefore encourages defecation into the water – in which case, 
latrine construction may reduce transmission of the parasites. In general, however, that the findings suggest that 
the presence of an adequate latrine at homes or at schools will do little to prevent urination or defecation at 
schistosome transmission sites. 
8.1.3. Schistosoma and hygiene (the use of soap during water contact) 
The qualitative review revealed that the use of soap and/or detergent during water contact may protect from 
schistosome infection, by killing cercariae or at lower concentrations rendering them less infective, by killing 
miracidia or rendering them less infective, or by killing intermediate host snails. However, no studies provided 
ORs for Schistosoma infection according to soap use during water contact, which if present, would have been 
included in a meta-analysis. 
Soap use during water contact is most strongly linked to laundry – this is a household-based activity, and in 
general, is most important for woman and perhaps very young children accompanying them. As such, it was 
unfeasible to assess this in the national mapping project, which employed data collection in schools. This 
represents an interesting and potentially useful avenue for future research. 
8.2. A. lumbricoides 
8.2.1. A. lumbricoides and sanitation 
Two systematic reviews and meta-analyses on WASH and STHs have recently been published (Ziegelbauer et 
al., 2012, Strunz et al., 2014). Furthermore, STH transmission, which does not rely on intermediate hosts and 
can take place anywhere, while walking barefoot or ingesting contaminated foot, is much less easily observed 
than Schistosoma transmission, which takes place during dermal contact with infested water. For these reasons, 
this project did not include the preparation of systematic or qualitative reviews pertaining to the STHs, in 
addition to the schistosomes. 
The two systematic reviews mentioned above both found that people who have access to, and use, sanitation 
facilities, have statistically significantly lower odds of A. lumbricoides infection – Ziegelbauer et al. (2012) 
report ORs of 0.46 (95% CI: 0.33 to 0.64), 0.78 (95% CI: 0.60 to 1.00), and 0.54 (95% CI: 0.43 to 0.69) for 
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availability, usage, and both combined, while Strunz et al. (2014) found an OR of 0.62 (95% CI: 0.44 to 0.88) 
for sanitation access. 
In the analysis of national mapping data presented in this thesis, this finding was reinforced by the result that A. 
lumbricoides demonstrated a statistically significant association with sanitation score (indeed, the strongest 
association with sanitation of all the parasites: Kendall’s τb = -0.067, 95% CI: -0.11 to -0.023). Although this 
analysis considered school sanitation, while the systematic reviews were focused on household sanitation, both 
suggest that the adequacy of sanitation plays a role in A. lumbricoides transmission; from the national mapping 
analysis, it would appear that this is a small but measurable role. 
A score reflecting the average cleanliness of latrine floors did not exhibit a statistically significant association 
with A. lumbricoides (Kendall’s τb = 0.037, 95% CI: -0.0031 to 0.077), but one reflecting the average 
concreteness – that is, the proportion of latrine floors made of concrete – did (Kendall’s τb = -0.12, 95% CI: -
0.16 to -0.082). Cleanliness of latrine floors is likely highly variable in time, and therefore the cleanliness of a 
latrine on the day of inspection may be a poor indicator of its cleanliness in general. On the other hand, 
concreteness does not generally vary in time for a given latrine – the statistically significant association here 
suggests that latrines with non-concrete floors are preventing the washing away and desiccation of A. 
lumbricoides eggs, and causing some children to become infected as a result of visiting the latrine.  
Evidence of open defecation around the school compound was associated with statistically significantly lower 
intensities of A. lumbricoides. This was a puzzling finding, which may be explained as being a false positive 
(Colquhoun, 2014). However, another possible explanation is that regional differences in data collector’s ability 
to spot stools, and in A. lumbricoides infection rates, caused this unexpected finding. Alternatively, perhaps 
open defecation leads to desiccation of A. lumbricoides eggs and thus prevents transmission of the parasite. 
In summary, the research findings suggest that sanitation is able to prevent a small but measurable proportion of 
ascariasis cases. This prevention may justifiably be used to argue for increases in the school latrine per child 
ratio, and improvements in the conditions of those latrines. Furthermore, since even schools with the highest 
sanitation scores still had fairly inadequate facilities, it is possible that the potential impacts of school sanitation 
improvements on A. lumbricoides may be greater than those observed in this study. 
8.2.2. A. lumbricoides and hygiene (handwashing following defecation) 
Strunz et al. (2014) report significantly lower odds of A. lumbricoides among those washing their hands 
following defecation (OR = 0.45, 95% CI: 0.35 to 0.58). In the national mapping analysis in this PhD project, 
however, the presence of soap or ash, water, and washbasins at latrines was not associated with a statistically 
significant difference in A. lumbricoides intensity (Kendall’s τb = -0.0076, 95% CI: -0.057 to 0.042). A 
weakness of the hygiene analysis presented in this project was that so few schools had any of soap or ash, 
washbasins, or water for handwashing at latrines – 70.3% of schools had hygiene scores of zero. 
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Since one cannot suffer superinfection with A. lumbricoides following the immediate ingestion of one’s own 
faeces, the idea that handwashing should prevent A. lumbricoides transmission requires that children enter the 
latrine, touch a surface therein, acquire eggs that have lain there for some days, and then subsequently ingest 
those eggs. The fact that non-concrete latrines were associated with significantly higher A. lumbricoides 
intensities, lends support to the hypothesis that the lack of an association between hygiene and the parasite was 
due to the fact that so few schools have any hygiene provisions, rather than due to transmission not taking place 
within the latrines. Furthermore, the presence of adequate hygiene provisions does not necessarily imply their 
use. 
In summary, comparisons between hygiene and A. lumbricoides yielded mixed results. It is likely that at some 
level, handwashing reduces A. lumbricoides transmission, since the findings suggest that students are acquiring 
infections from eggs in the latrine, and since handwashing would remove those eggs before they could be 
ingested. However, there was no statistically significant association between the hygiene score and A. 
lumbricoides – it is possible that the overall low level of hygiene provisions distorted this analysis and that, had 
enough schools with running water, soap, and basins at an adequate number of latrines been identified, the result 
would have been different. 
8.3. T. trichiura 
8.3.1. T. trichiura and sanitation 
As with A. lumbricoides, the two systematic reviews mentioned above both found that people who have access 
to sanitation facilities also have statistically significantly lower odds of T. trichiura, although the OR for use 
was only borderline statistically significant – Ziegelbauer et al. (2012) report ORs of 0.56 (95% CI: 0.46 to 
0.70), 0.54 (95% CI: 0.28 to 1.02), and 0.58 (95% CI: 0.45 to 0.75) for availability, usage, and both combined, 
while Strunz et al. (2014) found an OR of 0.61 (95% CI: 0.50 to 0.74) for sanitation access. 
In the national mapping analysis of this project, however, no statistically significant association was observed 
between the sanitation score and the average intensity of infection with T. trichiura (Kendall’s τb = -0.0031, 
95% CI: -0.056 to 0.050). 
As discussed in Section 7.7, despite the similarities between the life cycles of A. lumbricoides and T. trichiura, 
there are good reasons to believe that sanitation may be less effective at controlling T. trichiura than A. 
lumbricoides. T. trichiura has a higher basic reproductive ratio, but its eggs are less resistant to the environment 
– both of these suggest a weaker role for sanitation in its control. Since it has a longer life expectancy, intensity 
of infection with T. trichiura is more likely to reflect infections acquired during a previous time – perhaps when 
the host was in an environment with different sanitation.  
Despite the lack of an association between school sanitation conditions and T. trichiura, schools with evidence 
of open defecation exhibited significantly higher rates of infection with the parasite. This was particularly 
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puzzling, given that it contradicts the finding that these schools have significantly lower rates of A. lumbricoides 
infection. One possible explanation is that T. trichiura eggs deposited in the latrine are less able to infect 
children than those of A. lumbricoides, on account of their greater susceptibility to desiccation. On the other 
hand, it may simply be a false positive finding – particularly since ‘evidence of open defecation’ is a difficult 
indicator to assess reliably. 
Regarding the cleanliness and concreteness of latrine floors analyses, the T. trichiura results were very similar 
to those for A. lumbricoides. Cleanliness was not associated with significantly less infection (Kendall’s τb = 
0.031, 95% CI: -0.016 to 0.079), while concreteness was (Kendall’s τb = -0.12, 95% CI: -0.17 to -0.068). The 
interpretation is the same as that for A. lumbricoides – it is likely that some T. trichiura infections are acquired 
from the latrines, and that concrete floors, which are more easily and thoroughly cleaned, and which may cause 
desiccation of the eggs, make this less likely. On the other hand, perhaps cleanliness of floors varies too much in 
time for one day’s inspection to be a useful indication of the general situation. 
8.3.2. T. trichiura and hygiene (handwashing following defecation) 
Strunz et al. (2014) found that people who washed their hands after defecation have significantly lower odds of 
T. trichiura infection (OR = 0.61, 95% CI: 0.50 to 0.74). However, in the national mapping analysis of this 
project, no statistically significant association was found between handwashing provisions and infection 
(Kendall’s τb = 0.018, 95% CI: -0.040 to 0.076). The interpretation for this is the same as that for A. 
lumbricoides and hygiene – it seems that children are acquiring T. trichiura infections in the latrines, since 
concreteness of latrine floors was associated with lower infection intensities. It therefore seems likely that the 
lack of an association resulted from the fact that so few schools had any hygiene provisions, and the fact that 
providing water, soap, and basins, does not necessarily imply that they will be used. Future studies on this area 
should focus on providing soap and water, since the baseline level of hygiene is so low. 
8.4. Hookworm 
8.4.1. Hookworm and sanitation 
The systematic reviews of Ziegelbauer et al. (2012) and Strunz et al. (2014) found statistically significant and 
borderline significant associations between sanitation availability and usage, and hookworm infection: the 
former reports an OR of 0.58 (95% CI: 0.45 to 0.76) for availability, one of 0.63 (95% CI: 0.37 to 1.05) for 
usage, and one of 0.60 (95% CI: 0.48 to 0.75) for both combined, while the latter reports one of 0.80 (95% CI: 
0.60 to 1.05). 
Of the 30 schools in southern Ethiopia investigated in this project (results in Chapter 6), hookworm infections 
were found in 25. In these schools, student- and household-level access to sanitation was not found to be 
associated with odds of infection – whether the risk factor considered was the absence of a latrine at home (OR 
= 0.96, 95% CI: 0.54 to 1.71), the evidence of open defecation at home (OR = 1.01, 95% CI: 0.58 to 1.77), the 
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declaration of open defecation at home (OR = 0.62, 95% CI: 0.27 to 1.42), or the declaration of open defecation 
at school (OR = 0.69, 95% CI: 0.15 to 3.20). One drawback of this analysis is that it included students from 
different schools, with very different forces of infection – the prevalences in these schools ranged from 1.6% to 
69.6%. As such, students in some schools were likely much more exposed than students in others, to hookworm 
in larvae in the soil surrounding the school and village.  
In addition to these differences between the different schools, it is likely that sample sizes of 352 households 
and 497 children were insufficient to detect any (weak) association between sanitation and hookworm. Indeed, 
the OR estimates for infection according to the various sanitation indicators and their 95% CIs, show that even 
ignoring differences between the schools, this work was not powered to detect (with 95% confidence) some 
substantial associations – these estimates and their CIs were presented in Table 11 and repeated in the paragraph 
above. For example, considering the first estimate and CI (for hookworm infection according to absence of a 
latrine at home, as determined by inspection), while it can be said with 95% confidence that the OR does not lie 
outside of 0.54 to 1.71, an OR of 0.54, for instance, still represents a fairly strong association. 
In the national mapping, better sanitation was associated with borderline statistically significant lower intensities 
of hookworm infection (Kendall’s τb = -0.039, 95% CI: -0.090 to 0.012, P = 0.067). It seems likely that better 
latrines do reduce hookworm infection to some degree. However, of all the STHs, hookworm demonstrated the 
strongest association with cleanliness and concreteness of latrine floors (Kendall’s τb = -0.060, 95% CI: -0.11 to 
-0.014 and Kendall’s τb = -0.086, 95% CI: -0.13 to -0.038, respectively). Furthermore, evidence of open 
defecation around school compounds was not associated with a significant difference in hookworm intensities. 
Therefore, the research findings suggest that when used and properly maintained, school latrines disrupt 
hookworm transmission. However, when latrines are used too much – that is, when insufficient numbers of 
latrines relative to students mean that low rates of open defecation cause high rates of use for each latrine – and 
latrines are not adequately maintained, transmission takes place within the latrine (particularly within non-
concrete latrines). The fact that cleanliness of latrines was associated with hookworm intensity, also suggests 
that transmission within the latrines may take place, and that transmission within the latrines is more important 
for hookworm than for the other two STHs. 
8.4.2. Hookworm and hygiene (handwashing following defecation) 
Strunz et al. (2014) did not perform a meta-analysis for handwashing and hookworm. However, they did cite a 
hygiene education cluster-randomised trial, which found no significant difference in hookworm reinfection rates 
(incidence rate ratios) between schools receiving hygiene education and albendazole, and those receiving 
albendazole alone – a significant difference was, however, observed in A. lumbricoides reinfection (Gyorkos et 
al., 2013).  
In the national mapping analysis part of this PhD, the statistically significant association between schools’ 
hygiene scores, and their hookworm intensities (Kendall’s τb = -0.076, 95% CI: -0.13 to -0.020) was surprising, 
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given that the other two STHs, the eggs of which must be ingested to cause infection, did not demonstrate such 
an association. However, it does align with the finding that the latrines appear to be particularly important sites 
for hookworm transmission, compared with the other two STHs. Hookworm larvae may penetrate the skin of 
the hands in addition to that of bare feet, and handwashing should prevent this. Alternatively, this may have 
been a statistical anomaly; that is, an association in the data that arose by chance, rather than any real 
relationship between hygiene and hookworm in Ethiopian primary schools. A P value lower than 0.05, or to put 
it another way, a 95% CI that lies entirely below, or above, zero, implies that the observed data would be 
unlikely (less than 5% chance) to arise under the null hypothesis of no association between WASH and the 
parasite. However, ‘less than 5% chance’ is not a 0% chance – as such, it still allows for the possibility that 
these data have arisen despite the lack of a true association. If more data were collected and this relationship 
remained, that would increase confidence in the association. However, a P value of zero (0% chance) would 
never truly be achieved without infinite data collection. This is particularly important in the context of this PhD 
since a number of associations have been examined – quite a few with P values less than 0.05. The overall 
probability that one or more of these statistically significant associations arose by chance rather than due to a 
true relationship between the WASH exposure and the parasitic infection outcome, must therefore be 
acknowledged.  
In summary, the national mapping analysis revealed that schools with better handwashing provisions at latrines 
had significantly lower intensities of infection with hookworm, a surprising finding given the lack of 
associations of hygiene with A. lumbricoides or T. trichiura. Further studies in schools provided with a higher 
level of hygiene provisions are required to determine whether this represents a genuine association or not. 
8.5. Points common to all the parasites 
This PhD research has sought to compare WASH exposures with helminth infections, and has employed a 
variety of methods to that end – a systematic review of the literature and subsequent meta-analysis, a 
comparison of household WASH and hookworm infection around 30 schools, and the comparison of WASH 
and parasites in a national mapping of helminths in Ethiopia. Some variations in the results in the various 
projects may have arisen due to differences in the definitions of WASH and helminth infection, their sample 
sizes, and the statistical tests employed. The following sections discuss these differences in more detail. 
8.5.1. Definition of infection 
Throughout this thesis, helminth infection has been defined as the presence or eggs in the stool, or, in the case of 
S. haematobium, the urine – the systematic review included data from studies employing a variety of 
microscopic diagnostic techniques, while the Ethiopia fieldwork employed Kato-Katz for the diagnosis of S. 
mansoni and the STHs, and Hemastix® reagent strips followed by selective filtration of urine samples for that of 
S. haematobium. Kato-Katz is the standard method for the diagnosis of intestinal Schistosoma species, and the 
most widely used one for the diagnosis of STHs (McCarthy et al., 2012). However, its sensitivity can be low, 
particularly when only one slide, from one sample, is prepared (Tarafder et al., 2010, Kosinski et al., 2012, 
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McCarthy et al., 2012). As such, it is likely that some infected people were counted as uninfected. This applies 
most obviously to the ORs calculated in the meta-analyses and the 30 schools projects, which divided study 
participants into infected, and uninfected, groups. Even in the national mapping analysis, where the school-level 
arithmetic mean infection intensities were used as the dependent variables, it is likely that no infections were 
found in some schools with very low mean intensities. However, since light infections have the greatest chance 
of being missed, it is unlikely that the uninfected groups would include heavily infected individuals. 
In addition to microscopic inspection of stool samples, Schistosoma infections may be diagnosed through 
antibody and antigen detection – for S. mansoni, and to some extent, S. haematobium (McCarthy et al., 2012). 
Antibody tests are less quantitative than Kato-Katz test (distinguishing between positive or negative cases, but 
not between light and heavy infections), and they can suffer from poor specificity, since antibodies remain in the 
host even after the worms have died, either due to chemotherapy or naturally (Utzinger et al., 2011). Antigen 
tests have higher specificities, and are better indicators of infection intensity than antibody tests (Utzinger et al., 
2011). However, they are less quantitative than Kato-Katz tests, and not effective for diagnosing S. 
haematobium (Weerakoon et al., 2015). Polymerase chain reaction (PCR) and metabolic profiling are two more 
relatively recent, and promising, methods for the diagnosis of Schistosoma infections (Utzinger et al., 2011, 
Weerakoon et al., 2015).  
The STHs produce many more eggs than the schistosomes (particularly S. mansoni and S. haematobium – see 
Table 21, below), and consequently the Kato-Katz method is more sensitive in their detection. However, PCR 
can also be used for their diagnosis (Arndt et al., 2013, Verweij, 2014). An antibody test for the diagnosis of A. 
suum in pigs has been developed (Vlaminck et al., 2014), and this is currently being tested for the diagnosis of 
A. lumbricoides in humans. 
Table 21: WHO classifications for light-, moderate-, and heavy-intensity infections. Reproduced from (WHO, 2011). 
Parasite Light-intensity infections Moderate-intensity infections Heavy-intensity infections 
A. lumbricoides 1-4,999 EPG 5,000-49,999 EPG > 50,000 EPG 
T. trichiura 1-999 EPG 1,000-9,999 EPG > 10,000 EPG 
Hookworms 1-1,999 EPG 2,000-3,999 EPG > 4,000 EPG 
S. mansoni 1-99 EPG 100-399 EPG > 400 EPG 
S. haematobium 1-50 eggs/10 ml of urine - > 50 eggs/10 ml of urine (or visible haematuria) 
Since the alternative diagnostic techniques are less quantitative, and for the STHs, fewer methods are available, 
Kato-Katz was the best option for the diagnosis of helminths in this project. However, its low sensitivity at low 
intensities, and the non-linear relationship between worm burden and egg output at high intensities (density-
dependent fecundity), must be acknowledged. 
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Intensity of infection is related to prevalence and odds of infection, but the relationship is a noisy one (as is 
shown in Figure 50), which may be another source of differences between the results of the various projects. 
8.5.2. Definition of WASH 
All studies found in the systematic review assessed WASH through questionnaires, rather than inspections, and 
the latter is likely a much more reliable method. Indeed, in the 30 schools project, children’s questionnaire 
responses were found to be particularly poor predictors of the presence of a latrine at home, as determined 
through inspection. Respondents in the systematic review studies were adults, and this was therefore presumably 
less of a problem there. However, inaccurate questionnaire responses were likely also a weakness of those 
studies. That said, quality control of the school sanitation inspections in the 30 schools and national mapping 
projects revealed surprisingly low rates of agreement – 66.7% in the former, and 61.8% in the latter. This likely 
reflects the fact that inspections of the ‘disgustingness’ of latrines are necessarily somewhat subjective. 
However, this would not apply to the number of latrines, and the number of students enrolled at each school – 
therefore, the sanitation sensitivity score considering none of the condition factors would be the most objective 
score. No statistically significant difference was observed between the associations of this score, and those of 
the main sanitation scores, with the intensities of the parasites. 
The different analyses in this thesis also considered household sanitation and school sanitation. It is sometimes 
thought that household sanitation is more important in the transmission of parasites whose eggs are released in 
the faeces, simply because defecation might be thought to occur more frequently at home than at school. 
However, a recent study of 4,391 students in 70 schools found no difference in the relative importance of 
schools and household WASH in the transmission of STHs (Freeman et al., 2015).  
School and household sanitation must be analysed in different ways. Latrines were completely absent in a 
substantial fraction of homes in the 30 schools analysis part of this project and, where present, they were 
difficult to rate in terms of cleanliness, on account of the large proportion of homes with latrines without 
concrete floors. Household sanitation was therefore considered a binary variable, whereas school sanitation – 
which was almost always present in some form in the schools visited in the national mapping, but with large and 
important differences in the relative number of latrines, and their structural and sanitary conditions – was 
considered as a continuous scale. Availability of school sanitation would not have been a useful indicator since 
most Ethiopian schools were observed to have functional latrines (that is, latrines in sound structural condition, 
with pits not yet filled). Although the sanitation scores used in the national mapping analysis would increase 
with improvements in sanitation conditions, no studies have quantified the relative importance or weighting of 
the different factors (odour, cleanliness of floor, cleanliness of walls, and so on) in determining children’s 
willingness to use a latrine. It is possible that these weightings vary widely between children, and between 
settings. 
The 30 schools and national mapping projects sought to assess water collection practices (through a 
questionnaire), and sanitation and hygiene facilities (through an inspection). This was to maximise the amount 
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of reliable data that could be collected in rapid visits to each household or school. However, had more time been 
available, it would have been interesting to inspect water facilities in more detail – for example, by carrying out 
snail surveys and using sentinel snails to detect miracidia in the water (Allan et al., 2013), and carrying out 
cercariometry at water collection sites (Aoki et al., 2003). Similarly, it would have been ideal to spend more 
time in each school, to understand the use of sanitation and hygiene facilities, rather than just to confirm their 
presence and evaluate their conditions (Garn et al., 2013). 
In summary, in terms of WASH assessment and definitions, the 30 schools and national mapping projects have 
improved upon the studies identified in the meta-analysis, by assessing WASH through inspections, and by 
carrying out quality control on those inspections. 
8.5.3. The strength of evidence for causal relationships 
The Bradford Hill criteria are a set of aspects of evidence that might be given particular consideration when 
interpreting the evidence for causal relationships in environmental epidemiology (Hill, 1965). They are: 
strength, consistency, specificity, temporality, biological gradient, plausibility, coherence, experiment, and 
analogy. 
The strength of the relationships found in this PhD project varied. The ORs found in the meta-analysis were not 
only statistically significant, but were also substantially away from unity; that is, they represented strong 
associations between access to safe water and adequate sanitation, and schistosome infection. On the other hand, 
while the analysis of national mapping data revealed statistically significant associations between various 
combinations of water, sanitation, and hygiene, and S. mansoni and the STHs, the corresponding values of 
Kendall’s τb were much closer to zero than to one or -1. It seems likely that household water and sanitation, and 
Schistosoma infection were strongly associated in the meta-analysis since all variables are highly related to SES 
– and this gave rise to the large deviation from unity. Similar relationships likely hold for the STHs, but SES 
may be less important for these parasites, since walking barefoot or ingesting eggs may be less easily avoided by 
people of higher SES, than coming into contact with river or lake water. On the other hand, the (smaller, and for 
S. mansoni, statistically insignificant) school sanitation effect sizes may be more reflective of the actual 
contribution of sanitation alone, rather than SES. These discrepancies may have arisen due to the different 
definitions of exposure (the condition of sanitation at school compared with the availability of sanitation at 
home) and outcome (the intensity of infection compared with the presence of infection). 
Regarding consistency, the meta-analysis demonstrated a great deal of heterogeneity, likely due to the many 
setting-specific social, ecological, and environmental factors that may modulate the impact of water and 
sanitation on schistosome transmission. As such, they could not readily be described as very consistent. The 
national mapping analysis used a large set of data taken from schools all over Ethiopia, but the overall trends 
were investigated once, at the national level. Therefore, future studies adopting a similar approach, but in 
different countries, are needed for the assessment of the consistency of these relationships. 
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Specificity is difficult to apply in this context. It is likely that schistosome and STH transmission occur even 
when people have adequate WASH; this research has not sought to determine whether inadequate WASH is the 
only cause of transmission of these parasites, but whether it might be a cause. As discussed in Chapter 5, water 
supplies may not be used for various reasons, and schistosome eggs may enter water bodies without direct 
defecation or urination into the water. Regarding the STHs, people may be exposed to these parasites in the 
fields and at other people’s homes, even if they gave adequate sanitation at home and at school. However, Hill 
(1965) warned against over-emphasising the importance of specificity in assessing the strength of evidence for 
causal relationships, since many diseases are multi-causal. Therefore, while specificity cannot be used to 
strengthen the case for causal relationships between WASH and levels of parasitic infection, it cannot be used to 
argue against such causal relationships, either. 
All analyses in this project were of cross-sectional data, and therefore none were able to describe a temporal 
sequence of exposure and infection events. Demonstrating that a WASH-related exposure preceded infection 
would provide a stronger suggestion that the former caused the latter. Such a temporal description of events 
would therefore very much strengthen the case for an impact of WASH on schistosome infection. These 
parasites have life expectancies ranging from around one year in the case of A. lumbricoides to around 10 years 
in that of S. haematobium (see Tables 1 and 3). In the case of the parasites with longer life expectancies 
(Schistosoma and hookworms, in particular), present infection intensities can be the result of exposure some 
years ago – possibly at a time when children were not attending their present school, or when the school’s 
WASH facilities and practices were different. This would have the effect of making associations between 
WASH and the longer-lived parasites more difficult to detect, since recent exposures would relatively less 
important. Indeed, this may be another reason why A. lumbricoides, with its short life expectancy, demonstrated 
the strongest association with sanitation in the national mapping analysis. Studies investigating the impact of 
WASH on reinfection in the months or years following PC would address this shortcoming. In such studies, PC 
should kill most of the worms that infected participants at earlier times, when they had different WASH 
exposures. However, this kind of study requires a WASH intervention, and this is very expensive for sufficient 
sample sizes. This explains why very few such studies have been conducted on WASH, schistosomiasis, and 
STHs. 
The national mapping analyses did investigate forms of dose-response relationships, since the WASH ‘doses’, 
and the parasitic infection intensity ‘responses’, were mostly on continuous rather than nominal scales. These 
findings were indeed suggestive of certain biological gradients. 
As discussed in the Introduction (Sections 1.3.6 and 1.3.7), the relationships between WASH and schistosome 
and STH transmission have plausibility at a basic level: parasite eggs released in the urine and faeces should be 
contained by sanitation, adequate water supplies should prevent some exposure to schistosomes, handwashing 
should prevent exposure to STHs, and soap use during water contact should reduce infection with cercariae. 
However, whether these factors can reduce parasite propagation sufficiently to induce a limiting stage in the life 
cycle is not well understood (for Schistosoma, this was discussed in detail in Chapter 5). Other factors such as 
immunity and physiology may be more important. Furthermore, since the role of WASH is to enable and 
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therefore give rise to behaviour that reduces parasite transmission, there are likely to be important differences in 
its effects on transmission in different settings. This is an important difference with other fields of 
environmental epidemiology where human behaviour does not modulate the impact of the exposure on the 
outcome: for example, analyses investigating the relationship between air pollution and cancer do not assume 
that air pollution gives rise to a behaviour that causes cancer; they assume that air pollution directly and 
biologically causes the cancer. Further detailed investigation of schistosome and STH biology, in particular of 
aspects related to WASH, may provide further evidence for or against roles for WASH to play in the control of 
these parasites. 
Regarding coherence, the results of this PhD work do not contradict established knowledge on the transmission 
of these parasites, but it must be acknowledged that that there is little established knowledge on aspects of their 
transmission that are of particular relevance to WASH. On the related aspect of experiment, clearly it is not 
possible to devise laboratory experiments that assess the impact of WASH provision on the transmission of 
these parasites. However, as mentioned in Chapter 5, there is now a need to perform experiments to quantify 
aspects of the parasites’ biology of particular relevance to their control with WASH, in order to improve 
parameterisation of computer models. There is also a great need for operational research experiments that 
provide WASH to endemic communities, and investigate any impacts upon parasite transmission.  
Analogies are unlikely to provide evidence regarding the impact of WASH on the transmission of Schistosoma 
and STHs. It is possible that evidence garnered from the investigation of alternative control methods such as 
snail control, might be important to understanding the impact of WASH on parasite transmission. Otherwise, 
these parasites’ modes of transmission are simply too different to other pathogens’, and WASH is too different 
to other forms of control.  
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Chapter 9. Conclusions and recommendations 
9.1. Conclusions 
The research presented in this thesis aimed to answer the question of whether WASH disrupts the transmission 
of schistosomes and STHs, using a number of different research methods:  
1. A systematic review (the first for water, sanitation, and Schistosoma) found that people with better 
access to water and sanitation have significantly lower odds of schistosome infection.  
2. In a qualitative review (the first to be written for WASH and Schistosoma), it was found that despite 
the fact that schistosome infections occur during dermal contact with infested water, the amount of 
water contact that can be prevented through the provision of safe water supplies, and the impacts of 
various reductions in water contact, on schistosome infection rates, are not well understood.  
3. Analysis of data from a survey in and around 30 schools in southern Ethiopia, found no household- or 
child-level sanitation indicators that were associated with significantly different odds of hookworm 
infection, and that child questionnaire responses were not accurate indicators of household sanitation 
availability.  
4. The national mapping data analysis – the first time that such a large dataset has been analysed to 
compare school WASH with infection intensities for these parasites – showed that schools with more 
frequent water collection by students had significantly higher rates of infection with S. mansoni, and 
that those with better sanitation had significantly lower rates of infection with A. lumbricoides and 
borderline significantly less hookworm, but not T. trichiura or S. mansoni. It also found better school 
hygiene to be associated with significantly less hookworm, but not A. lumbricoides or T. trichiura, and 
that unclean latrines were associated with significantly more hookworm (but with no significant 
difference in A. lumbricoides or T. trichiura), and that concrete latrines were associated with 
significantly less of all three STHs. Therefore, while WASH improvements yield many benefits besides 
schistosome and STH control, the findings of this research demonstrate associations between particular 
aspects of WASH and these parasites.  
9.2. Recommendations for further research 
Various associations between WASH and helminths have been identified in the observational studies in this 
project, but questions remain; some of the main ones were summarised earlier in Table 8. One of the most 
important questions that future studies in this field could address is: What are the relative impacts of the 
provision of different forms of WASH infrastructure and consumables, on the various parasites? Future studies 
should use large randomised controlled trials to investigate the impact of different WASH interventions on 
helminths. These interventions should include different forms of WASH infrastructure and, in the case of 
schistosomiasis control, new types of infrastructure such as laundry sinks, showers, and even swimming pools. 
Given the relatively small magnitude of associations found in the national mapping part of this project, large 
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sample sizes are likely to be required. In addition to assessing the ability of different types of WASH to prevent 
infection, another key question to investigate would be the cost per infection averted, compared with PC.  
The life cycles of the schistosomes and STHs are well understood. However, some of the parameters of 
transmission are not well known. Examples of such parameters of particular relevance to WASH interventions 
are the proportion of defecation/urination into water bodies that might be prevented through the provision of 
latrines, and the proportion of water contact that might be prevented through the provision of various forms of 
water supply infrastructure. Regarding STH transmission, the proportions of infections that occur inside versus 
outside of latrines, the proportions of open defecation that might be prevented through various improvements to 
sanitation, and the resulting impacts on concentrations of eggs and larvae in the environment, are not yet well 
understood. Future studies should attempt to quantify these, in order to parameterise models of the impact of 
different WASH interventions on the various helminths. 
It would also be useful to compare the findings of the analysis of the Ethiopian national mapping data with 
similar data from other countries. This would allow verification of the results presented in this thesis, and may 
also shed light on differences between countries in school WASH adequacy and its impacts on the transmission 
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Appendix 3: Systematic review study protocol 
Objective 
To examine the effect of water, sanitation, and hygiene on human schistosome infection. 
Authors 
This study will be conducted primarily by Jack E. T. Grimes (‘JETG’) (MSc) with support from David Croll 
(‘DC’) (MSc) and leadership from Michael R. Templeton (PhD), Wendy E. Harrison, (PhD), Jürg Utzinger 
(‘JU’) (PhD), and Matthew Freeman (PhD). 
Reporting 
We will adhere to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement (Moher et al., 2009), as well as the Meta-analysis of Observational Studies in Epidemiology 
(MOOSE) guidelines (Stroup et al., 2000). 
Search methods 
We will search PubMed, Web of Science, Embase, and the Cochrane Library for this review. We will also scan 
the bibliographies of several recent systematic reviews (Ziegelbauer et al., 2012, Stocks et al., 2014, Strunz et 
al., 2014). We will consider papers published at any time before 31 December 2013, and in any language. If a 
study under consideration cites another paper that appears relevant, the second study will also be reviewed and 
considered for inclusion. Our searches will include each of the following WASH-related terms in conjunction 
with each of the following schistosome-related terms: 
WASH terms: 
water, borehole, standpipe, rainwater, sanitation, sanitary engineering, latrine, toilet, pit, open defecation, open 
urination, shower, laundry, hygiene, detergent, soap, risk factor 
Schistosome terms: 
schistosomiasis, schistosome, schistosoma, bilharzia, bilharziasis, snail fever 
The search terms will be combined as follows: (schistosomiasis OR schistosome OR schistosoma OR bilharzia 
OR bilharziasis OR snail fever) AND (water OR borehole OR standpipe OR rainwater OR sanitation OR 
sanitary engineering OR latrine OR toilet OR pit OR open defecation OR open urination OR shower OR laundry 




Study inclusion criteria  
Included studies must have assessed WASH, assessed schistosome infection, and compared the two. We expect 
observational studies to form the largest group of comparable studies, and we therefore plan to carry out meta-
analyses of such studies. However, we will consider any form of study to see if meta-analyses of evidence 
reported in different formats are possible. 
Where a study has combined schistosome infection with other parasites (including other schistosome species) as 
an outcome measure, the data on individual schistosome species will be requested. If this is not available, then 
the study will be excluded. Similarly, if WASH facilities have been combined, the data will be requested for 
individual WASH facilities. If this is not available, the study will be excluded. 
Studies will not be excluded according to participants, who could be of any age or from different occupational 
groups. Schistosomiasis will be defined as infection with any human schistosome, assessed through the presence 
of eggs in the urine or stool. Water will be defined as the use or availability of a community or household source 
considered ‘safe’ by the study authors, while adequate sanitation will be defined as the presence of a latrine, 
septic tank, cesspit or sewerage connection in the household. 
JETG and DC will independently review the studies returned by the searches. First the titles will be reviewed to 
exclude papers obviously not about WASH, not about human schistosomiasis or about computer models (rather 
than data collected from the field). Next, abstracts will be reviewed, and papers will be excluded according to 
the same criteria, but also when papers obviously have a large confounder such as chemotherapy which limits 
what may be said about the impact of WASH in those studies. Finally, the full texts will be reviewed and papers 
excluded according to the previous criteria, or included in the meta-analyses. At each stage, papers will be 
classified by JETG and DC independently. Disagreements will be discussed until consensus is reached. Where 
disagreements cannot be resolved, a third reviewer (JU) will decide whether or not the studies should be 
included. 
ORs will be used as the effect measure in all meta-analyses. Studies reporting ORs according to WASH status 
directly, or 2×2 data from which they can be calculated, will be eligible for inclusion. Additionally, studies 
reporting the sensitivity, specificity, and positive predictive value (PPV) of WASH variables for schistosome 
infection will be eligible for inclusion, since the 2×2 tables may be derived from such equations. If studies 
indicate that useful data has been collected but not reported, the authors will be contacted, and the useful data 
requested. Studies with an OR of less than 1 indicate lower levels of schistosome infection among those with 
access to the form of WASH under consideration. Where a study reports multiple datasets or effect sizes from 
different settings, these will all be eligible for inclusion. If a 2×2 table contains 0 in one of the elements, it will 
be excluded due to the problematic behaviour this causes in the calculation of the OR. Where a study reports 
effect sizes for different kinds of water, sanitation or hygiene, all effect sizes will be included in the meta-
analyses; the double-counting of certain participants is thought to be preferable to the bias induced by choosing 




Data in the form of 2×2 tables or ORs with confidence intervals (CIs) will be extracted independently by JETG 
and DC, with errors being discussed and corrected. The data will be extracted as follows: from 2×2 tables (of a 
= number infected with WASH, b = number uninfected with WASH, c = number infected without WASH, d = 








, where a, b, c, 
and d represent the four cells of the 2×2 table. From ORs and CIs, the SE will be calculated as 
ln(𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑢𝑢𝑐𝑐𝑐𝑐𝑢𝑢 𝑙𝑙𝑐𝑐𝑚𝑚𝑐𝑐𝑙𝑙)−ln(𝑂𝑂𝑂𝑂)
1·96 . The ORs will be calculated from 2×2 tables as 𝑎𝑎/𝑏𝑏𝑐𝑐/𝑑𝑑, where 𝑎𝑎𝑏𝑏 is the odds of 
infection among those with access to improved WASH, and 𝑐𝑐
𝑑𝑑
 is the odds of infection among those without 
access to improved WASH. Some papers may report ORs for infection, with improved WASH as the baseline. 
In these cases, the inverses of the reported ORs and CIs will be taken to ensure consistency. Thus ORs below 1 
will denote reduced odds of infection in those with improved WASH. 
Additional information on the included studies (study design, setting, year, schistosome species, type of WASH, 
study population and selection, sample size, assessment of WASH, and diagnostics used) will be extracted by 
JETG and cross-checked by DC. 
Quality assessment 
Included studies’ quality will be assessed though an approach adapted from the GRADE methodology (Atkins et 
al., 2004), and previous similar reviews (Ziegelbauer et al., 2012, Stocks et al., 2014, Strunz et al., 2014). 
Studies will be assessed according to diagnostic approach (with sedimentation for intestinal schistosomiasis 
being rewarded due to its higher sensitivity compared with a single Kato-Katz reading), collection of multiple 
samples, WASH assessment, WASH definitions, confounding assessment, response rates, and other strengths 
and limitations (Table 22). 
Table 22: Quality assessment of included studies. 
Diagnostic approach 
Sedimentation for intestinal schistosomiasis or multiple diagnostic approaches used +1 
Kato-Katz or urine filtration +1/2 
Other diagnostics 0 
Number of samples analysed 
Multiple stool samples taken +1 
Slides checked by another technician +2/3 
Multiple slides prepared from the same sample +1/3 
Other number of samples analysed 0 
WASH assessment 
Household visit and inspection or at least some spot checks +1 
Questionnaire outside of home or WASH assessment not defined 0 
WASH definitions 
Allow for comparison with WHO, UNICEF JMP indicators (WHO and UNICEF, 2013) +1 
Don’t allow for comparison 0 
Confounding assessment 
Data split according to non-WASH variables found to be predictive of infection +1 
Data not split as above 0 
Response rates 
Above 80% for both WASH and schistosomiasis data +1 
Below 80% for both WASH and schistosomiasis, or undefined 0 
Additional strengths or weaknesses 
Additional strengths +1 
Additional weaknesses -1 
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JETG and DC will independently assess included studies quality, and any disagreements will be discussed with 
a third reviewer (JU) until consensus is reached.  
Meta-analysis 
Separate meta-analyses will be conducted for water and schistosomiasis, sanitation and intestinal 
schistosomiasis, and sanitation and urogenital schistosomiasis. Random effects models (DerSimonian and Laird, 
1986) in StatsDirect 2.8.0 (StatsDirect Ltd, Altrincham, UK) will be used throughout, weighting datasets’ effect 
sizes by their inverse variances. Egger’s test (Egger et al., 1997) and visual inspection of funnel plots will be 
used to assess publication bias of the main meta-analyses. 
Higgins’ I2 will be used to assess heterogeneity of the meta-analyses, and where this is high (>75%), and it is 
feasible, sub-analyses will investigate different subsets of studies. These will investigate whether splitting the 
analyses according to the kind of schistosome (intestinal or urogenital), the location of the water source, the type 
of sanitation, or the continent reduces this heterogeneity. 
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Appendix 4: Included study characteristics for the safe water and Schistosoma infection meta-analysis 
Table 23: Included study characteristics for the safe water and Schistosoma infection meta-analysis. 
Reference Study design, setting 
Study population 
(selection) Study quality assessment









location of water 
source) 
Odds of infection in 
those with ‘safe 
water’ 
(number infected with 
safe water/number 
uninfected with safe 
water) 
Odds of infection in 















1826 adults  
(households 
randomly selected 
and all people 
above 18 years of 





Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 







Source of water: open 2×2 table - S. haematobium  
Adults 
Africa 
Home or community vs 
environmental 






in 2 endemic 





from grades 1, 2, 
5 & 6) 
Diagnostics: +½ 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 






Using pond water 2×2 table - S. mansoni  
Children 
Asia 
Home or community vs 
environmental 














Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 






Tap water absent 2×2 table - S. haematobium  
Children 
Asia 
Home vs undefined 















Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 










- S. mansoni  
Children 
Africa 
Home or community vs 
environmental 
- - 0.37 (0.16-0.86) 









(aged 18 years 
and above, 
selection also 
based on HIV 
status) 
Diagnostics: +1 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 
















- S. mansoni 
Adults 
Africa 
Home or community vs 
environmental 
5/131 1/16 0.61 (0.07-5.56) 
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Reference Study design, setting 
Study population 
(selection) Study quality assessment









location of water 
source) 
Odds of infection in 
those with ‘safe 
water’ 
(number infected with 
safe water/number 
uninfected with safe 
water) 
Odds of infection in 






















Number of samples: +2/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 








Water source: drainage 2×2 table - S. haematobium 
Children 
Africa 
Home or community vs 
environmental 
36/671 25/96 0.21 (0.12-0.36) 
Balen et al. 
(2011) 
Descriptive 






(all individuals in 




Number of samples: +1 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 






Water source: lake Adjusted OR - S. japonicum  
Adults and children 
Asia 
Home or community vs 
environmental 
- - 0.41 (0.30-0.50) 
Barreto (1991) Descriptive 




(all children aged 
between 12 and 




Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0  
Confounding assessment: 0 










Water is taken from 
ponds/open bodies of 
water 
2×2 table - S. mansoni  
Children 
South America 
Home vs environmental 







(everyone in the 





below 1 year of 
age, and the 
disabled) 
Diagnostics: +½ 
Number of samples: +1/3  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 





water in the 
home’ 
No ‘drinking water in 
the home’ 
2×2 table Barbosa S. mansoni  
Adults and children 
South America 
Home vs undefined 
0.5/0.5 40.5/103.5 2.56 (0.05-130.97) 
Peri-Peri S. mansoni  
Adults and children 
South America 
Home vs undefined 














Number of samples: +1/3  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 




Tap water at 
home 
No tap water at home OR from 
multivariate 
analysis 
-- S. mansoni  
Adults and children 
South America 
Home vs undefined 
- - 0.40 (0.16-0.80) 




study of factors 
associated with 
reinfection with 




(aged over 5 
years, included in 
the baseline 




Number of samples: +1  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: +1 
Reponse rates: 0 
Other: 0 
 
Total: +2½  
Water supply: 
‘tap/pipe’ 
Water supply: ‘stream, 
river, lake, dam or 
other’ 
2×2 table - S. mansoni  
Adults and children 
South America 
Home or community vs 
environmental 
15/100 54/419 1.16 (0.63-2.15) 
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Reference Study design, setting 
Study population 
(selection) Study quality assessment









location of water 
source) 
Odds of infection in 
those with ‘safe 
water’ 
(number infected with 
safe water/number 
uninfected with safe 
water) 
Odds of infection in 








Dame et al. 
(2006) 
Descriptive 






sampled from the 
3 schools in the 
area) 
Diagnostics: +1 
Number of samples: 0  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 





water: tap or 
well 
Source of water: river 
or pond 
2×2 table S. haematobium S. haematobium  
Children 
Africa 
Home or community vs 
environmental 
4/212 16/74 0.09 (0.03-0.27) 
S. mansoni S. mansoni  
Children 
Africa 
Home or community vs 
environmental 
9/207 29/61 0.09 (0.04-0.20) 












Number of samples: 0  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 
Reponse rates: 0 
Other: 0 
 
Total: +½  
Water supply: 
piped 
Water supply: well 2×2 table - S. mansoni  
Adults and children 
South America 
Home vs environmental 
59/88 12/35 1.96 (0.94-4.07) 









Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  
Reponse rates: 0 
Other: 0 
 





Source of water: river 
or stream 
2×2 table - S. haematobium Adults 
and children 
Africa 
Home or community vs 
environmental 
1/175 4/62 0.09 (0.01-0.81) 
de Lima e 







(all people aged 2 
years and above 
were eligible for 
inclusion) 
Diagnostics: +1 
Number of samples: +1/3  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 






Water supply is not 
piped 
2×2 table - S. mansoni  
Adults and children 
South America 
Home vs undefined 
285/72 629/78 0.49 (0.35-0.70) 
(de Lima e 






(all inhabitants of 
the village aged 




Number of samples: +1/3  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 






Water supply is not 
piped (includes wells) 
2×2 table - S. mansoni  
Adults and children 
South America 
Home vs undefined 
55/108 143/200 0.71 (0.48-1.05) 
(de Lima e 









aged 2 years 




Number of samples: +1/3  
WASH assessment: 0 
WASH definitions: +1 
Confounding assessment: 0  





in the home 
No piped water in the 
home 
2×2 table - S. mansoni  
Adults and children 
South America 
Home vs undefined 
417/198 460/87 0.40 (0.30-0.53) 
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Reference Study design, setting 
Study population 
(selection) Study quality assessment









location of water 
source) 
Odds of infection in 
those with ‘safe 
water’ 
(number infected with 
safe water/number 
uninfected with safe 
water) 
Odds of infection in 








Farooq et al. 
(1966a) 
Descriptive 






living in the 
areas) 
Diagnostics: +1 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: +1  




Standpipe Canal water 2×2 table S. haematobium - 
Area 1 - project area 
S. haematobium  




2606/7860 429/819 0.63 (0.56-0.72) 
S. haematobium - 
Area 2 - rural 
division 
S. haematobium  




925/2450 224/481 0.81 (0.68.0·97) 
S. haematobium - 
Area 3 - urban 
division 
S. haematobium  




451/3103 5/21 0.61 (0.23-1.63) 
S. haematobium - 
Area 4 - reclamation 
division 
S. haematobium  




475/1124 62/144 0.98 (0.72-1.35) 
S. haematobium - 
Area 5 - control 
division 
S. haematobium  




758/1180 138/173 0.81 (0.63-1.03) 
S. mansoni - Area 1 - 
project area 
S. mansoni  




2166/8300 508/740 0.38 (0.34-0.43) 
S. mansoni - Area 2 - 
rural division 
S. mansoni 




635/2741 254/451 0.41 (0.34-0.49) 
S. mansoni - Area 3 - 
urban division 
S. mansoni  




490/3064 4/22 0.88 (0.3-2.56) 
S. mansoni - Area 4 - 
reclamation division 
S. mansoni  




190/1409 69/137 0.27 (0.19-0.37) 
S. mansoni - Area 5 - 
control division 
S. mansoni  




847/1091 181/130 0.56 (0.44-0.71) 
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Reference Study design, setting 
Study population 
(selection) Study quality assessment









location of water 
source) 
Odds of infection in 
those with ‘safe 
water’ 
(number infected with 
safe water/number 
uninfected with safe 
water) 
Odds of infection in 



















school, age and 
gender) 
Diagnostics: +1 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: +1  













- S. mansoni  
Children 
Africa 
Home or community vs 
environmental 
- - 0.52 (0.33-0.84) 















Number of samples: +2/3  
WASH assessment: 0 
WASH definitions: +1 
Confounding assessment: 0  







No piped water in the 
household 
2×2 table - S. mansoni  
Adults and children 
South America 
Home vs undefined 
399/425 52/40 0.72 (0.47-1.11) 
Fürst et al. 
(2013) 
Descriptive 
survey as part of 











of households in 






Number of samples: +1/3  
WASH assessment: 0 
WASH definitions: +1 
Confounding assessment: 0  




No use of 
natural water 
bodies as a 
drinking 
water source 
Use of natural water 





- S. mansoni  
Adults 
Africa 
Home or community vs 
environmental 






in Ilha, Brazil 
167* 






Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  







No piped water to the 
household 
2×2 table - S. mansoni  
Children 
South America 
Home vs undefined 
27/49 41/50 0.67 (0.36-1.26) 










Diagnostics: +1  
Number of samples: 0  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  
Reponse rates: 0 
Other: -1  










67/34 12/20 3.28 (1.44-7.50) 
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Reference Study design, setting 
Study population 
(selection) Study quality assessment









location of water 
source) 
Odds of infection in 
those with ‘safe 
water’ 
(number infected with 
safe water/number 
uninfected with safe 
water) 
Odds of infection in 















(15 children were 
randomly selected 
in each village) 
Diagnostics: +1 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  







Source of household 








- S. mansoni  
Children 
Africa 
Home or community vs 
environmental 
- - 0.78 (0.60-1.01) 




and risk factor 








Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  
Reponse rates: +1 
Other: 0 
 









Unguja S. haematobium  
Adults 
Africa 
Home or community vs 
environmental 
44/1820 13/257 0.48 (0.25-0.90) 
Permba S. haematobium  
Adults 
Africa 
Home or community vs 
environmental 









between ages of 9 
and 18 years) 
Diagnostics: +1 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  






or near home 
Piped water not 
available at or near 
home 
2×2 table - S. mansoni  
Children 
Africa 
Home vs undefined 
33/20 62/19 0.51 (0.24-1.08) 













Number of samples: +2/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  






pipe or hand 
pump 
Household water 
source: wells and 
streams 
2×2 table - S. mansoni  
Children 
Africa 
Home vs undefined 
70/386 14/130 1.68 (0.92-3.09) 
Marcal Junior 
et al. (1993) 
Matched case-




(96 positives and 
96 controls 
matched for sex, 
age and place of 
residence) 
Diagnostics: +½ 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 
















- S. mansoni  
Adults and children 
South America 
Home or community vs 
environmental 
- - 1.00 (0.48-2.10) 









and all people in 
these households 
were eligible for 
inclusion) 
Diagnostics: +1 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  










Use of water from 






- S. mansoni  
Adults and children 
Africa 
Home or community vs 
environmental 
- - 0.40 (0.27-0.63) 
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Reference Study design, setting 
Study population 
(selection) Study quality assessment









location of water 
source) 
Odds of infection in 
those with ‘safe 
water’ 
(number infected with 
safe water/number 
uninfected with safe 
water) 
Odds of infection in 


















aged 5-15 years 
were randomly 
selected from five 
schools) 
Diagnostics: +½ 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 








Source of water: pond 
or stream 





2/238 47/213 0.04 (0.01-0.08) 

















Number of samples: +2/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: +1 








Water supply: well 2×2 table - S. mansoni  
Children 
South America 
Home or community vs 
environmental 
48/175 12/34 0.78 (0.37-1.62) 












Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 
Reponse rates: +1 
Other: 0 
 





Water source: river or 
stream 
2×2 table - S. haematobium  
Children 
Africa 
Home or community vs 
environmental 




survey in Itinga, 
Brazil 
324*  
(all inhabitants of 






Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  








Origin of water: stream 2×2 table - S. mansoni  
Adults and children 
South America 
Home vs environmental 
13/33 150/128 0.34 (0.17-0.67) 
Sady et al. 
(2013) 
Decsriptive 






and all children 
up to 15 years of 
age were eligible 
for inclusion in 
the study) 
Diagnostics: +1 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  








Source of household 
water: unsafe (stream, 




S. haematobium S. haematobium  
Children 
Asia 
Home or community vs 
environmental 
18/95 77/210 0.52 (0.29-0.91) 
S. mansoni S. mansoni  
Children 
Asia 
Home or community vs 
environmental 
8/105 29/258 0.68 (0.30-1.53) 












Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  
Reponse rates: 0 
Other: 0 
 





Source of residential 
water supply: spring, 
well or stream 
2×2 table - S. mansoni  
Adults and children 
South America 
Home or community vs 
environmental 
8/478 24/686 0.48 (0.21-1.07) 
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Reference Study design, setting 
Study population 
(selection) Study quality assessment









location of water 
source) 
Odds of infection in 
those with ‘safe 
water’ 
(number infected with 
safe water/number 
uninfected with safe 
water) 
Odds of infection in 























grades 4, 5 and 6) 
Diagnostics: +½ 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  
Reponse rates: +1 
Other: 0 
 





Source of water: River, 
dam or canal 





22/46 79/93 0.56 (0.31-1.02) 
Watts and El 
Katsha (1995) 
Descriptive 





of 15% of houses 
in Kom el Akhdar 
and 6% of houses 
in El Roda) 
Diagnostics: +½ 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: +1 
Confounding assessment: 0  





has a water 
connection 
Household does not 
have a water connection 
2×2 table El Roda S. mansoni  
Adults and children 
Africa 
Home vs undefined 
31/164 81/178 0.42 (0.26-0.66) 
Kom el Akhdar S. mansoni  
Adults and children 
Africa 
Home vs undefined 
61/711 19/201 0.91 (0.53-1.55) 
Ximenes et al. 
(2003) 
Descriptive 






and all those aged 
10-25 years in 
those households 
were eligible for 
inclusion) 
Diagnostics: +½ 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: +1  
Reponse rates: 0 
Other: 0 
 









but not inside 
the house  
Water supply: stream, 







S. mansoni  
Adults and children 
South America 
Home vs environmental 
- - 0.78 (0.61-0.99) 
Community vs 
environmental 
S. mansoni  




- - 0.30 (0.23-0.39) 








(all residents in 
these 16 villages, 
aged 6 years or 
over, were eligible 
for inclusion in 
this study) 
Diagnostics: +½ 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  







Drinking water source: 
infested 
2×2 table - S. japonicum  
Adults and children 
Asia 
Home or community vs 
environmental 
227/7813 167/1901 0.33 (0.27-0.41) 
 
* WASH and schistosomiasis data not available for complete study population. Population reported is the number with WASH and schistosomiasis data available 
† Quality of studies was assessed by assigning scores for diagnostic approach (+1 if sedimentation was used for intestinal schistosomiasis or multiple diagnostic approaches 
used, +½ for Kato-Katz or urine filtration, 0 otherwise); number of samples analysed (+1 if multiple stool/urine samples taken, +2/3 if slides checked by another technician, 
+1/3 if multiple slides read from the same sample, 0 otherwise); WASH assessment (+1 if household visit and inspection, or at least some spot checks, 0 if questionnaire 
outside of the home or WASH assessment method not defined); WASH definitions (+1 if they allow for comparison with JMP indicators, (WHO and UNICEF, 2013) 0 
otherwise); confounding assessment (+1 for data being split according to non-WASH variables found to be predictive of infection, 0 otherwise); response rates (+1 for above 
80%, 0 for below 80% or not defined); and other (+1 for additional strengths and -1 for additional weaknesses). 
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Appendix 5: Included study characteristics for the adequate sanitation and S. mansoni meta-analysis 
Table 24: Included study characteristics for the adequate sanitation and S. mansoni meta-analysis. 











(type of sanitation, 
continent) 
Odds of infection in 
those with ‘adequate 
sanitation’ 
(number infected with 
adequate sanitation 
/number uninfected with 
adequate sanitation) 
Odds of infection in 
those without 
‘adequate sanitation’ 






Barbosa (1966) Descriptive survey 
in Agua Preta, 
Brazil 
955* 
(people of any age 
randomly sampled 
from the village) 
Latrine Diagnostics: +1 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0  
Confounding assessment: 0 




2×2 table - Latrine 
Adults and children 
South America 
492/54 369/40 0.99 (0.64-1.52) 
Barreto (1991) Descriptive survey 
in Santo Antonio de 
Jesus, Brazil 
1494* 
(all children aged 
between 12 and 15 





Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0  
Confounding assessment: 0 




2×2 table - Latrine or flush toilet 
Children 
South America 




in Peri-Peri, Brazil 
480  
(everyone in the 





below 1 year of age, 






Number of samples: +1/3  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 




2×2 table Barbosa Sewer connection and/or 
latrine 
Adults and children 
South America 
4/15 36/88 0.65 (0.20-2.10) 
Peri Peri Sewer connection and/or 
latrine 
Adults and children 
South America 
9/14 45/269 3.84 (1.57-9.40) 
Cundill et al. 
(2011) 
Baseline from 
longitudinal study of 
factors associated 
with reinfection 




(people included if 
they were aged over 
5 years, included in 
the baseline survey, 
and met other 
inclusion criteria) 
Latrine Diagnostics: +1/2 
Number of samples: +1  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: +1 
Reponse rates: 0 
Other: 0 
 
Total: +2½  
2×2 table - Latrine 
Adults and children 
South America 
39/286 30/243 1.10 (0.67-1.83) 
da Silva et al. 
(1997) 
Cross-sectional 










Number of samples: 0  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 
Reponse rates: 0 
Other: 0 
 
Total: +½  
2×2 table - Septic tank/cesspool 
Adults and children 
South America 
69/213 2/10 1.62 (0.35-7.57) 
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(type of sanitation, 
continent) 
Odds of infection in 
those with ‘adequate 
sanitation’ 
(number infected with 
adequate sanitation 
/number uninfected with 
adequate sanitation) 
Odds of infection in 
those without 
‘adequate sanitation’ 






Farooq et al. 
(1966a) 
Descriptive survey 
in the Egypt-49 
project area, Egypt 
23,572 
(random sample of 
individuals living in 
the areas) 
Latrine Diagnostics: +1 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: +1  




2×2 table Area 1 - Project 
area 
Latrine 
Adults and children 
Africa 
1211/6224 1475/2876 0.38 (0.35-0.41) 
Area 2 - Rural 
division 
Latrine 
Adults and children 
Africa 
223/1357 681/1889 0.46 (0.39-0.54) 
Area 3 - Urban 
division 
Latrine 
Adults and children 
Africa 
461/3046 34/41 0.18 (0.11-0.29) 




Adults and children 
Africa 
177/1346 81/201 0.33 (0.24-0.44) 
Area 5 - Control 
division 
Latrine 
Adults and children 
Africa 
350/475 678/746 0.81 (0.68-0.96) 
Firmo et al. 
(1996) 
Case-control survey 




randomly and all 




Sewerage Diagnostics: +½ 
Number of samples: +2/3  
WASH assessment: 0 
WASH definitions: +1 
Confounding assessment: 0  




2×2 table - Sewerage 
Adults and children 
South America 
408/421 43/44 0.99 (0.64-1.54) 
Fürst et al. 
(2013) 
Descriptive survey 










of households in the 









Number of samples: +1/3  
WASH assessment: 0 
WASH definitions: +1 
Confounding assessment: 0  







- Latrine or flush toilet  
Adults 
Africa 
1/66 3/125 0.63 (0.06-6.19) 






(all 830 residents 




Latrine Diagnostics: +½ 
Number of samples: +1/3  
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  
Reponse rates: +1 
Other: 0 
 
T ota l :  +1 5 / 6  
2×2 table - Latrine 
Adults and children 
South America 
198/243 129/175 1.11 (0.82-1.48) 
Guimarães et al. 
(1985b) 
Descriptive survey 
of school children in 
Ilha, Brazil 
167* 
(all children at the 
community’s school 
were eligible for 
inclusion) 
Latrine Diagnostics: +1 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  





2×2 table - Latrine 
Children 
South America 
61/95 7/4 0.37 (0.10-1.31) 
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(type of sanitation, 
continent) 
Odds of infection in 
those with ‘adequate 
sanitation’ 
(number infected with 
adequate sanitation 
/number uninfected with 
adequate sanitation) 
Odds of infection in 
those without 
‘adequate sanitation’ 









at Lake Victoria, 
Uganda 
1784* 
(15 children were 
randomly selected in 
each village) 
Latrine Diagnostics: +1 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  














- - 0.50 (0.39-0.64) 
Matthys et al. 
(2007) 
Cross-sectional 
descriptive survey in 




and all people in 
these households 
were eligible for 
inclusion) 
Latrine Diagnostics: +1 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  









Adults and children 
Africa 
- - 0.51 (0.32-0.81) 
Mahmud et al. 
(2013) 
Survey of 
schoolchildren in 12 





from school rosters) 
Latrine Diagnostics: +1/2 
Number of samples: +2/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  




2×2 table - Latrine 
Children 
Africa 
26/238 54/282 0.57 (0.35-0.94) 
Noman et al. 
(2012) 
Descriptive survey 





Toilet Diagnostics: +½ 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  
Reponse rates: 0 
Other: 0 
 
Total: +½  
2×2 table - Latrine or flush toilet 
Children 
Asia 
57/115 14/24 0.85 (0.41-1.77) 




two municpalities in 
the state of Alagos, 
Brazil 
329* 
(all school children 
aged 7-15 years in 
the two 
municipalities 





Number of samples: +2/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: +1 




2×2 table - Latrine or flush toilet 
Children 
South America 
47/171 13/38 0.80 (0.40-1.63) 
Rodrigues et al. 
(1995) 
Descriptive survey 
in Itinga, Brazil 
324*  
(all inhabitants of 
the village of Ponte 






Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  





2×2 table - Septic tank/cesspool 
Adults and children 
South America 
73/85 90/76 0.73 (0.47-1.12) 
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(type of sanitation, 
continent) 
Odds of infection in 
those with ‘adequate 
sanitation’ 
(number infected with 
adequate sanitation 
/number uninfected with 
adequate sanitation) 
Odds of infection in 
those without 
‘adequate sanitation’ 






Sady et al. 
(2013) 
Decsriptive survey 





and all children up 
to 15 years of age 
were eligible for 






Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  







- Latrine or flush toilet 
Children 
Asia 
7/213 30/150 0.16 (0.07-0.38) 
Ximenes et al. 
(2003) 
Cross-sectional 
descriptive survey in 





and all those aged 




Sewerage Diagnostics: +½ 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: +1  








Pit or septic tank Sewerage 
Adults and children 
Latrine or flush toilet 
- - 0.60 (0.44-0.84) 
Sewerage Sewerage 
Adults and children 
South America 
- - 0.20 (0.14-0.29) 
 
 
* WASH and schistosomiasis data not available for complete study population. Population reported is the number with WASH and schistosomiasis data available 
† Quality of studies was assessed by assigning scores for diagnostic approach (+1 if sedimentation was used for intestinal schistosomiasis or multiple diagnostic approaches 
used, +½ for Kato-Katz or urine filtration, 0 otherwise); number of samples analysed (+1 if multiple stool/urine samples taken, +2/3 if slides checked by another technician, 
+1/3 if multiple slides read from the same sample, 0 otherwise); WASH assessment (+1 if household visit and inspection, or at least some spot checks, 0 if questionnaire 
outside of the home or WASH assessment method not defined); WASH definitions (+1 if they allow for comparison with JMP indicators, (WHO and UNICEF, 2013) 0 
otherwise); confounding assessment (+1 for data being split according to non-WASH variables found to be predictive of infection, 0 otherwise); response rates (+1 for above 
80%, 0 for below 80% or not defined); and other (+1 for additional strengths and -1 for additional weaknesses). 
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Appendix 6: Included study characteristics for the adequate sanitation and S. haematobium meta-analysis 
Table 25: Included study characteristics for the adequate sanitation and S. haematobium meta-analysis. 





Study quality assessment† 
 Data obtained Dataset 
Sub-analyses 
categories 
(type of sanitation, 
continent) 
Odds of infection in those 
with ‘improved sanitation’ 
(number infected with 
improved sanitation /number 
uninfected with improved 
sanitation) 
Odds of infection in those 
without ‘improved sanitation’ 
(number infected with 
unimproved sanitation /number 
uninfected without improved 
sanitation) 
OR (CI) 










and all people 
above 18 years of 




Latrine Diagnostics: +½ 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 




2×2 table - Latrine 
Adults 
Africa 









in the village) 
Septic tank or 
cesspool 
Diagnostics: +½ 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 








99/488 27/82 0.62 (0.38-1.00) 









from the purposively 
sampled schools) 
Toilet utilization Diagnostics: +1 
Number of samples: +2/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0 




2×2 table - Toilet 
Children 
Africa 
28/486 33/285 0.50 (0.29-0.84) 
Farooq et al. 
(1966a) 
Descriptive survey 
in the Egypt-49 
project area, Egypt 
23572 
(random sample of 
individuals living in 
the areas) 
Latrine Diagnostics: +1 
Number of samples: +1/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 
+1  










1566/5869 1479/2872 0.52 (0.48-0.56) 






386/1194 766/1804 0.76 (0.66-0.88) 






431/3076 25/50 0.28 (0.17-0.46) 







446/1077 91/191 0.87 (0.66-1.14) 






300/525 597/827 0.79 (0.66-0.94) 
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Study quality assessment† 
 Data obtained Dataset 
Sub-analyses 
categories 
(type of sanitation, 
continent) 
Odds of infection in those 
with ‘improved sanitation’ 
(number infected with 
improved sanitation /number 
uninfected with improved 
sanitation) 
Odds of infection in those 
without ‘improved sanitation’ 
(number infected with 
unimproved sanitation /number 
uninfected without improved 
sanitation) 
OR (CI) 
(Noman et al., 
2012) 
Descriptive survey 





Toilets Diagnostics: +½ 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  
Reponse rates: 0 
Other: 0 
 
Total: +½  




15/159 4/32 0.75 (0.24-2.42) 
Knopp et al. 
(2013b) 
Descriptive study in 
Bandmaji and Dole, 
Unguja, Zanzibar 
382* 
(everyone aged 5 
years and above 
eligible for 
inclusion) 
Latrine Diagnostics: +½ 
Number of samples: +2/3 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  










27/270 4/81 2.03 (0.69-5.96) 
Sady et al. 
(2013) 
Decsriptive survey 





and all children up 
to 15 years of age 
were eligible for 
inclusion in the 
study) 
Presence of toilet in 
house 
Diagnostics: +1 
Number of samples: 0 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 0  




2×2 table supplied 
by the authors 








in Kwale district, 
Kenya 
105 
(51 positive and 54 
negative children, 
matched for age and 
sex) 
Latrine Diagnostics: +½ 
Number of samples: +1 
WASH assessment: 0 
WASH definitions: 0 
Confounding assessment: 
+1  




2×2 table - Latrine 
Children 
Africa 
15/15 36/39 1.08 (0.46-2.53) 
 
* WASH and schistosomiasis data not available for complete study population. Population reported is the number with WASH and schistosomiasis data available 
† Quality of studies was assessed by assigning scores for diagnostic approach (+1 if sedimentation was used for intestinal schistosomiasis or multiple diagnostic approaches 
used, +½ for Kato-Katz or urine filtration, 0 otherwise); number of samples analysed (+1 if multiple stool/urine samples taken, +2/3 if slides checked by another technician, 
+1/3 if multiple slides read from the same sample, 0 otherwise); WASH assessment (+1 if household visit and inspection, or at least some spot checks, 0 if questionnaire 
outside of the home or WASH assessment method not defined); WASH definitions (+1 if they allow for comparison with JMP indicators, (WHO and UNICEF, 2013) 0 
otherwise); confounding assessment (+1 for data being split according to non-WASH variables found to be predictive of infection, 0 otherwise); response rates (+1 for above 




Appendix 7: School parasitology baseline results in the 30 schools project 
Table 26: School parasitology baseline results in the 30 schools project. 
School woreda 
and name School coordinates 
Student numbers and 





























































































































Baide 5.4978 37.3746 122 8.45 0.00 3.34 11.61 0.00 0.00 1.64 4.10 0.00 5.74 
Fuchucha 5.5184 37.4392 120 10.37 0.20 35.20 171.60 0.00 0.83 10.00 5.00 0.00 15.00 
Aba Roba 5.2670 37.4362 125 12.35 0.00 0.00 48.00 0.00 0.00 0.00 1.60 0.00 1.60 
Shekana 5.3260 37.5147 125 12.13 0.19 2.88 4.42 3.46 0.80 3.20 4.80 0.80 9.60 
Weito 5.2790 37.0577 125 10.83 0.00 0.00 5.95 0.38 0.00 0.00 4.00 0.80 4.80 
Jarso 5.3302 37.4497 125 12.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kemale 5.3338 37.3234 125 11.46 0.00 14.98 166.08 0.00 0.00 3.20 8.80 0.00 11.20 
Gugnara 
Kolme 5.3204 37.3149 125 12.29 3.84 352.13 1843.20 57.60 1.60 7.20 5.60 2.40 16.80 
Gera 5.2778 37.4025 125 12.13 0.00 2.88 1401.98 1.15 0.00 2.40 19.20 3.20 24.00 








Mundena 6.9546 37.5472 125 12.03 0.19 1680.19 1340.35 0.38 0.80 69.60 7.20 1.60 74.40 
Fojena 
Mata 6.9203 37.4950 125 10.86 0.00 231.36 9.60 0.00 0.00 61.60 0.80 0.00 61.60 
Tulicha 6.9990 37.5671 125 13.08 1.92 251.52 95.23 4.61 0.80 50.40 12.00 1.60 59.20 
Oidu 
Chama 7.0184 37.5563 125 11.99 0.00 264.00 40.51 0.00 0.00 34.40 7.20 0.00 37.60 
Se
lti
 Shirinto 7.9266 38.5181 124 11.26 0.00 17.81 0.39 0.77 0.00 16.94 0.81 0.81 18.55 
Goto 






Worabo 7.9673 38.5689 125 13.18 0.00 1.34 4.42 0.38 0.00 4.00 4.00 1.60 9.60 
Udasa Repi 7.9605 38.5068 125 11.83 0.00 37.25 0.00 0.00 0.00 28.00 0.00 0.00 28.00 










Walene 8.3045 38.1252 125 11.39 0.00 0.96 5.95 0.38 0.00 4.00 9.60 0.80 14.40 
Beider 8.3191 38.0544 125 11.16 0.00 14.59 0.00 0.00 0.00 19.20 0.00 0.00 19.20 
Gora 8.4134 38.1091 125 13.38 1.15 23.81 0.96 0.19 1.60 20.80 2.40 0.80 25.60 
Welega 
Dese 8.3117 38.3227 120 11.61 0.20 0.00 0.40 0.00 0.83 0.00 0.83 0.00 1.67 






Gobe 7.8649 38.3574 125 11.62 0.00 60.86 0.19 0.00 0.00 25.60 0.80 0.00 26.40 
Wante 
Boditi 7.7286 38.3959 125 12.41 0.00 0.58 0.38 0.00 0.00 1.60 1.60 0.00 3.20 
Urgo 
Dubala 7.6950 38.3380 125 12.35 0.00 98.50 2.30 2.69 0.00 22.40 1.60 3.20 25.60 
Edenaba 
Agawo 7.6513 38.3197 125 11.41 0.00 74.30 14.78 0.00 0.00 22.40 6.40 0.00 28.80 
Wonte 
Sostero 7.8561 38.4880 125 11.53 0.00 110.78 0.19 0.00 0.00 54.40 0.80 0.00 54.40 
OVERALL - - 3729 11.81 0.32 119.77 176.53 2.44 0.29 18.48 4.80 0.62 23.44 





Appendix 8: Contingency tables from the 30 schools data, comparing sanitation reports 








use of latrine at 
home for urination 
Child reports use of 
latrine at home for 
urination 
Totals: 
Latrine absent at home 
according to inspection 40 71 111 
Latrine present at home 
according to inspection 115 189 304 
Totals: 155 260 415 
 
 




use of latrine at 
home for defecation 
Child reports use of 
latrine at home for 
defecation 
Totals: 
Latrine absent at home 
according to inspection 15 96 111 
Latrine present at home 
according to inspection 17 287 304 
Totals: 32 383 415 
 
 
Table 29: Contingency table for declaration of household latrine presence according to presence of a household 
latrine assessed through inspections. 
 
Child declared that 
there is no latrine at 
home 
Child didn’t declare 
that there is no latrine 
at home 
Totals: 
Latrine absent at home 
according to inspection 11 100 111 
Latrine present at home 
according to inspection 10 294 304 







Table 30: Contingency table for hookworm infection according to presence of latrine assessed through inspections. 
 Infected with hookworm 
Not infected with 
hookworm Totals: 
Latrine absent at home 
according to inspection 20 80 100 
Latrine present at home 
according to inspection 52 200 252 
Totals: 72 280 352 
 
 
Table 31: Contingency table for hookworm infection according to evidence of open defecation at home. 
 Infected with hookworm 
Not infected with 
hookworm Totals: 
Evidence of open 
defecation at home 22 85 107 
No evidence of open 
defecation at home 50 195 245 
Totals: 72 280 352 
 
 
Table 32: Contingency table for hookworm infection according to declaration of open defecation at home. 
 Infected with 
hookworm 
Not infected with 
hookworm Totals: 
Declares practising open 
defecation at home 7 38 45 
Does not declare practising 
open defecation at home 104 348 452 
Totals: 111 386 497 
 
 
Table 33: Contingency table for hookworm infection according to declaration of open defecation at school. 
 Infected with 
hookworm 
Not infected with 
hookworm Totals: 
Declares practising open 
defecation at school 2 10 12 
Does not declare practising 
open defecation at school 109 376 485 





Appendix 9: School WASH questionnaire 
 
School name:  
School ID:  
Enumerator’s name:  
Enumerator’s ID: 
T|___|___|.|___| 
Date of survey:  
Please ask the school director (or another teacher when the director is absent) the following 




Section 1 is split into 3 sections, according to the type of water source in the school compound. 
Section 1.1 is for schools with NO water source in the school compound, Section 1.2 is for schools 
with a water source in the school compound, which only provides water during the rainy season. 
Section 1.3 is for schools with a year-round water source in the school compound. Only one of 
Sections 1.1, 1.2 and 1.3 should be answered. If the respondent answers ‘1’ to Question 1, please 
skip to Question 29 and complete Section 1.3. If they answer ‘2’ to Question 1, please skip to 
Question 18 and complete Section 1.2. If they answer ‘3’ to Question 1, please go to Question 2 and 







Multiple choice Skip to… 




within the school 
compound?  
(please tick one 
box) 
 1 YES and it is always used 
 Question 29 
2 
YES but it only 
provides water during 




NO, water is always 








1.1 Water always brought from outside of the school  





Multiple choice Skip to… 
2 Which type of 
source is mainly 
used in the dry 
season?  
(please tick one 
box) 







2 Borehole, tubewell or protected dug well  
3 Standpipe (or public tap  
4 Rainwater collection  
5 Protected spring  
6 Unprotected dug well  
7 Other (please specify to the left)  
3 Which type of 
source is mainly 
used in the rainy 
season?  
(please tick one 
box) 
 1 Surface water (from rivers, ponds, lakes)  
 
2 Borehole, tubewell or protected dug well  
3 Standpipe (or public tap)  
4 Rainwater collection  
5 Protected spring  
6 Unprotected dug well  
7 











Multiple choice Skip to… 
4 How long (to the 
nearest minute) 
does it take to go 
to the dry season 
source outside of 
the school, 
collect water, and 
return to the 
school with the 
water?  






1 0-4 minutes  
 
2 5-29 minutes  
3 30-59 minutes  
4 1 hour or more (please specify to the left)  
5 How long (to the 
nearest minute) 
does it take to go 
to the rainy 
season source 
outside of the 
school, collect 
water, and return 
to the school with 
the water?  
(please tick one 
box) 
 
1 0-4 minutes  
 
2 5-29 minutes  
3 30-59 minutes  
4 1 hour or more (please specify to the left)  
6 To the nearest 
hour, how many 
hours per day 








1 Always (24 hours per day)  
 
2 0-5 hours  
3 6-11 hours  
4 12-17 hours  








Multiple choice Skip to… 
7 To the nearest 
hour, how many 
hours per day 









 1 Always (24 hours per day)   
2 0-5 hours  
3 6-11 hours  
4 12-17 hours  
5 18 – 23 hours  
8 For how many 
weeks in the year 
is the dry season 
water source 
mainly used?  
(please tick one 
box) 
 1 Same source used throughout the year  
 
2 0-4 weeks  
3 5-9 weeks  
4 10-19 weeks  
5 20-29 weeks  
6 30-39 weeks  
7 40-52 weeks  
9 For how many 
weeks in the year 











 1 Same source used throughout the year  
 
2 0-4 weeks  
3 5-9 weeks  
4 10-19 weeks  
5 20-29 weeks  
6 30-39 weeks  








Multiple choice Skip to… 
10 On average what 
is the total 
amount of water 
brought to 
school each day 
in the dry 
season? 
(please write the 














11 On average what 
is the total 
amount of water 
brought to 
school each day 
in the rainy 
season? 
(please write the 














12 Who brings most 
of the water to 
school in the dry 
season?  
(please tick one 
box) 
 1 Students   
2 Teachers  
3 Parents  
4 Other (please specify to the left)  
13 Who brings most 
of the water to 
school in the 
rainy season?  
(please tick one 
box) 
 1 Students   
2 Teachers  
3 Parents  
4 Other (please specify to the left)  
14 How often is 
water usually 
brought to school 
in the dry 
season?  
(please tick one 
box) 
 1 Daily   
2 Twice weekly  
3 Weekly  








Multiple choice Skip to… 
15 How often is 
water usually 
brought to school 
in the rainy 
season?  
(please tick one 
box) 
 1 Daily   
2 Twice weekly  
3 Weekly  
4 Less frequently than weekly  
16 Please tick the 
boxes for all the 
ways in which 
water is used in 
the school 
during the dry 
season:  
(please tick all 
the boxes that 
apply) 
 1 Drinking   
2 Cooking/food preparation  
3 Cleaning pots, pans, bowls, spoons etc  
4 Cleaning the school  
5 Bathing  
6 Maintenance of the school garden  
7 Maintenance/construction of school buildings  
8 Other (please specify to the left)  
17 Please tick the 
boxes for all the 
ways in which 
water is used in 
the school 
during the rainy 
season:  
(please tick all 
the boxes that 
apply) 
 1 Drinking  
Question 32 
2 Cooking/food preparation  
3 Cleaning pots, pans, bowls, spoons etc  
4 Cleaning the school  
5 Bathing  
6 Maintenance of the school garden  
7 Maintenance/construction of school buildings  





1.2 Water taken from source within the school during the rainy season only 
Please complete this section if the respondent answered ‘2’ to Question 1. 
Question 
Number 
Question Numerical/written answer Multiple choice Skip to… 
18 Which types of 
water source 
outside of the 
school 
compound is 
mainly used in 
the dry season?  
(please tick one 
box) 
 1 Surface water (from rivers, ponds, lakes)  
 
2 Borehole, tubewell or protected dug well  
3 Standpipe (or public tap  
4 Rainwater collection  
5 Protected spring  
6 Unprotected dug well  
7 Piped water into school building  
8 




19 Which type of 
source is 
present in the 
school 
compound and 
is mainly used 
in the rainy 
season?  







 1 Surface water (from rivers, ponds, lakes)  
 
2 Borehole, tubewell or protected dug well  
3 Standpipe (or public tap)  
4 Rainwater collection  
5 Protected spring  
6 Unprotected dug well  
7 Piped water into school building   






Question Numerical/written answer Multiple choice Skip to… 
20 How long (to 
the nearest 
minute) does it 
take to go to the 
dry season 
source outside 
of the school, 
collect water, 
and return to the 
school with the 
water?  
(please tick one 
box) 
 
1 0-4 minutes  
 
2 5-29 minutes  
3 30-59 minutes  
4 1 hour or more (please specify to the left)  
21 To the nearest 
hour, how many 
hours per day 




(please tick one 
box) 
 1 Always (24 hours per day)  
 
2 0-5 hours  
3 6-11 hours  
4 12-17 hours  
5 18 – 23 hours  
22 To the nearest 
hour, how many 
hours per day 




(please tick one 
box) 
 1 Always (24 hours per day)  
 
2 0-5 hours  
3 6-11 hours  
4 12-17 hours  






Question Numerical/written answer Multiple choice Skip to… 
23 For how many 
weeks in the 
year is water 












24 When water is 
brought to 
school, what is 
the average 
total amount of 
water brought 

















25 Who brings 
most of this 
water to school?  
(please tick one 
box) 
 1 Students   
2 Teachers  
3 Parents  
4 Other (please specify to the left)  




(please tick one 
box) 
 1 Daily   
2 Twice weekly  
3 Weekly  






Question Numerical/written answer Multiple choice Skip to… 
27 Please tick the 
boxes for all the 
ways in which 
water is used 
in the school 
during the dry 
season:  
(please tick all 





1 Drinking  
 
2 Cooking/food preparation  
3 Cleaning pots, pans, bowls, spoons etc  
4 Cleaning the school  
5 Bathing  
6 Maintenance of the school garden  
7 Maintenance/construction of school buildings  
8 Other (please specify to the left)  
28 Please tick the 
boxes for all the 
ways in which 
water is used 
in the school 
during the 
rainy season:  
(please tick all 
the boxes that 
apply) 
 1 Drinking  
Question 32 
2 Cooking/food preparation  
3 Cleaning pots, pans, bowls, spoons etc  
4 Cleaning the school  
5 Bathing  
6 Maintenance of the school garden  
7 Maintenance/construction of school buildings  





1.3 Water always taken from source within the school 




answer Multiple choice Skip to… 
29 Which types of 
water source is 
present in the 
school 
compound?  











1 Surface water (from rivers, ponds, lakes)  
 
2 Borehole, tubewell or protected dug well  
3 Standpipe (or public tap)  
4 Rainwater collection  
5 Protected spring  
6 Unprotected dug well  
7 Piped water into school building   
8 Other (please specify to the left)  
30 To the nearest 
hour, how many 
hours per day 
does the water 
source in the 
school (defined in 
question 32) 
provide water?  
(please tick one 
box) 
 
1 Always (24 hours per day)  
 
2 0-5 hours  
3 6-11 hours  
4 12-17 hours  







answer Multiple choice Skip to… 
31 Please tick the 
boxes for all the 
ways in which 
water is used in 
the school:  
(please tick all 
the boxes that 
apply) 
 1 Drinking   
2 Cooking/food preparation  
3 Cleaning pots, pans, bowls, spoons etc  
4 Cleaning the school  
5 Bathing  
6 Maintenance of the school garden  
7 Maintenance/construction of school buildings  
8 Other (please specify to the left)  
 





Multiple choice Skip to… 
32 Do you treat 
drinking water 
during the dry 
season (and if so, 
how)?  
(please tick one 
box) 
 1 NO - Water is never drank at school  
 
2 NO - Water is drank without treatment  
3 YES - Boiling  
4 YES - Bishangari/Wuha Agar/PUR/bleach/chlorine  
5 YES - Moringa seeds or other herbs  
6 YES - Ceramic, candle or biosand filters  
7 
YES - Ultraviolet (SODIS) 
– water is left in clear 
plastic bottles and exposed 
to sunlight 
 
8 YES - Strained through a cloth  
9 YES - Other (Please 









Multiple choice Skip to… 
33 Do you treat 
drinking water 
during the rainy 
season (and if so, 
how)? 












 1 NO - Water is never drank at school  
 
2 NO - Water is drank without treatment  
3 YES - Boiling  
4 YES - Bishangari/Wuha Agar/PUR/bleach/chlorine  
5 YES - Moringa seeds or other herbs  
6 YES - Ceramic, candle or biosand filters  
7 
YES - Ultraviolet (SODIS) 
– water is left in clear 
plastic bottles and exposed 
to sunlight 
 
8 YES - Strained through a cloth  
9 YES - Other (Please specify to the left)  
34 Do you treat 




the dry season 
(and if so, how)?  
(please tick one 
box) 
 1 NO - No treatment   
2 YES - Boiling  
3 YES - Bishangari/Wuha Agar/PUR/bleach/chlorine  
4 YES - Moringa seeds or other herbs  
5 YES - Ceramic, candle or biosand filters  
6 
YES - Ultraviolet (SODIS) 
– water is left in clear 
plastic bottles and exposed 
to sunlight 
 
7 YES - Strained through a cloth  








Multiple choice Skip to… 
35 Do you treat 




the rainy season 
(and if so, how)?  
(please tick one 
box) 
 1 NO - No treatment   
2 YES - Boiling  
3 YES - Bishangari/Wuha Agar/PUR/bleach/chlorine  
4 YES - Moringa seeds or other herbs  
5 YES - Ceramic, candle or biosand filters  
6 
YES - Ultraviolet (SODIS) 
– water is left in clear 
plastic bottles and exposed 
to sunlight 
 
7 YES - Strained through a cloth  




3. Water, sanitation and hygiene maintenance 
Question 
Number 
Question Numerical/written answer Multiple choice Skip to… 
36 Does the school 
pay for water and 
sanitation?  




NO – the school 






YES – with money 
from parents 
(please specify the 
amount provided per 
year to the left) 
 
3 
YES – with money 
from the Woreda 
Education Office  
(please specify the 
amount provided per 
year to the left) 
 
4 
YES – with income 
generated from the 
school garden 
(please specify the 
amount provided per 
year to the left) 
 
5 
YES – with money 
from NGOs 
(please specify the 
amount provided per 
year to the left) 
 
6 YES – other (please specify to the left)  
37 Does the school 
pay a regular fee 
for water 
provision?  
(please tick one 
box) 
 
1 NO – the school does not pay a regular fee  
 
2 YES – a monthly fee  
3 YES – a yearly fee  






Question Numerical/written answer Multiple choice Skip to… 




of the WATER 
facilities used by 
the school?  
(please tick one 
box) 
 1 The school is responsible  
 
2 The local community is responsible  
3 The education office is responsible  
4 Other – (please specify to the left)  






facilities used by 
the school?  
(please tick one 
box) 
 1 The school is responsible  
 
2 The local community is responsible  
3 The education office is responsible  
4 Other – (please specify to the left)  
40 How much does 
the school usually 
spend per week 
on soap? 









41 How much does 
the school usually 
spend per week 
on toilet paper? 









42 How much does 
the school usually 






















answer Multiple choice Skip to… 
43 Is there a large 
(≥1000l) 
container for 
water storage at 
the school?  
(please tick one 
box) 
 
1 YES   
2 NO  Question 46 
44 If no other water 
is available, for 
how long can 
the tank be used 
as the school’s 
primary water 
source? 











4.1 Water Storage Inspection 
Please look around the water tanks of the school, and complete the following table: Tank 1 to Tank 5 
refer to the different water tanks of the school. Please complete a column for each tank present in the 
school. 
Question 
Number Question Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 
45.1 What is this tank’s 
capacity? 
(estimate the 






















45.2 Is this tank fed with 
rainwater from a 
building’s roof?  
(please tick one box 
for each tank) 
1 YES  1 YES  1 YES  1 YES  1 YES 
 
2 NO  2 NO  2 NO  2 NO  2 NO 
 
45.3 Is this tank leaking? 
(please tick one box 
for each tank) 
1 YES  1 YES  1 YES  1 YES  1 YES  





Number Question Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 
45.4 Is this tank covered 
(to prevent leaves, 
animals and debris 
from entering)? 
(please tick one box 
for each tank) 
1 YES  1 YES  1 YES  1 YES  1 YES 
 












Multiple choice Skip to… 
46 Do students eat 
at school or do 
they only eat at 
home? 
(please tick one 
box) 
 
1 Students only eat at home  Question 62 
2 Students also eat at school  
 
47 Do students eat 
with their hands 
or do they use 
utensils? 
(please tick one 
box) 
 
1 They eat with their hands  
 
2 
They eat with utensils 
such as spooks, knives, 
forks 
 
48 Is a designated 
time period 
allotted for 
students to wash 
hands before 
eating? 







49 Is there a specific 
building for food 
preparation? 
(please tick one 
box) 















Multiple choice Skip to… 
50 Is food stored in 
this building? 
(please tick one 
box) 
 1 YES   
2 NO  
51 Does this 
building have 
secure walls? 
(please tick one 
box) 
 
1 YES  
 
2 NO  
52 Does this 
building have a 
secure door? 
(please tick one 
box) 
 1 YES   
2 NO  
53 Does this 
building have a 
chimney? 
(please tick one 
box) 
 1 YES   
2 NO  
54 Does this 
building have a 
complete roof? 
(please tick one 
box) 
 1 YES   
2 NO  
55 Does this 
building have 
windows? 
(please tick one 
box) 
 1 YES   
2 NO  
56 Is this building 
well ventilated? 
(please tick one 
box) 
 1 YES   












Multiple choice Skip to… 
57 What facilities 
does the school 
have for washing 
hands before 
eating? 




Students don’t wash 





Hands are washed at the 
toilet handwashing 




Hands are washed at a 
water source away 





There is no permanent 
hand washing 
infrastructure but 
hands are washed with 









Multiple choice Skip to… 
58 Is water 
available at the 
time of 
inspection? 
(please tick one 
box) 
 1 YES, from a pipe   
2 YES, from a tank  
3 NO, the water source is not functional  
59 Are there any 
wash basins at the 
handwashing 
area? 
(please tick one 
box) 
 
1 YES  
 
2 NO  
60 Is soap or ash 
available at the 
handwashing 
area? 
(please tick one 
box) 
 1 Soap is available   
2 Ash is available  








Multiple choice Skip to… 
61 Are there wet 
areas around the 
handwashing 
area? 















Multiple choice Skip to… 
62 Does the school 
have toilets? 
(please tick one 
box) 
 1 YES   
2 NO  Question 66 
63 Who usually 
cleans the 
students’ toilets? 




1 Students   
2 Hired cleaners  
3 Teachers  
4 Other (please specify to the left) 
 
64 How often are the 
students’ toilets 
cleaned? 
(please tick one 
box) 
 1 Cleaned daily   
2 Cleaned about twice weekly 
 
3 Cleaned weekly  





7.1 Sanitation Inspection 
Please look around the toilet facilities of the school, and complete the following table: B1 to B6 refer 
to the different toilet blocks in the school (a block is a set of toilet stances (holes), located together in 




 Block1 Block2 Block3 Block4 Block5 Block6 
65.1. This block is used by… (please tick one box in each column)       
1 Boys       
2 Girls       
3 Boys and girls       
4 Male teachers       
5 Female teachers       
6 Male and Female Teachers       
7 Any male (i.e. used by boys and male teachers)       
8 Any female (i.e. used by girls and female teachers)       
9 Anyone       
        
65.2. Number of toilets in this facility (please write the number)       
65.3. Total number of functional doors in this facility  
(please write the number of toilets with doors that close to provide privacy) 
      
       
65.4. Type of sanitation in this facility (please tick one after referring to the 
Guide to Types of Water Supply and Sanitation) 
      
1 Pit latrines with cement slab       
2 Pit latrines without cement slab (floor is made of wood/sticks)       
3 Ventilated improved pit latrines (VIPs)       
4 Composting toilets       
5 Pour flush to pit latrine/septic tank       
6 Pour flush to elsewhere       
7 Flush toilets       




 Block1 Block2 Block3 Block4 Block5 Block6 
65.5. Are any provisions made for students with disabilities in this block?       
1 YES (there are ramps or other forms of assistance for students with 
disabilities) 
      
2 NO (there are no forms of assistance for students with disabilities)       
65.6. Structural condition of floor: (please tick one box in each column)       
1 Good (shows no signs of damage)       
2 The floor is cracked but in place       
3 The floor has broken into separate pieces and fallen into the pit        
65.7. Privacy of walls (please tick one box in each column)       
1 Has fully private walls (no holes)       
2 Has walls with holes        
3 Has no walls       
65.8. Condition of roof (please tick one box in each column)       
1 Has roof with no holes (completely waterproof)       
2 Has roof with holes (somewhat waterproof)       
3 Has no roof       
65.9. Coverage of toilet hole (please tick one box in each column)       
1 Hole is fully covered       
2 Cover material is present but hole is uncovered        
3 No hole covering present       
65.10. Cleanliness of floors (please tick one box in each column)       
1 Clean (no faeces, urine, dirt or refuse)       
2 Unclean (some faeces, urine, dirt or refuse)       
3 Very unclean (major presence of faeces, urine, dirt or refuse)       
65.11. Cleanliness of walls (please tick one box in each column)       
1 Clean (no faeces, urine or dirt)       
2 Unclean (some faeces, urine or dirt)       
3 Very unclean (major presence of faeces, urine or dirt)       
        




 Block1 Block2 Block3 Block4 Block5 Block6 
65.12. Presence of flies or other insects (please tick one box in each column)       
1 No flies or other insects       
2 Some flies or other insects (less than about 20 flies per toilet)       
3 Many flies or other insects (more than about 20 flies per toilet)       
65.13. Type of cleansing material in the toilets at the time of inspection. 
(please tick one box in each column) 
      
1 Appropriate cleansing materials (sanitary tissues, toilet paper)       
2 Inappropriate cleansing materials (leaves, newspapers, corncobs etc)       
3 No cleansing material present       
65.14. Smell of the facility (please tick one box in each column)       
1 No odour       
2 Slightly intolerable odour       
3 Highly intolerable odour       
65.15. Is water supplied for handwashing at these toilets?  
(please tick one box in each column) 
      
1 YES, functional pipes supply water to the toilet block       
2 YES, there are buckets containing water at the toilet block       
3 NO, there is no water for handwashing at the block       
65.16. Are there any wash basins for handwashing at this toilet block?  
(please tick one box in each column) 
      
1 YES, there are wash basins present        
2 NO, there are no wash basins present       
65.17. Is soap or ash available for handwashing at this toilet block?  
(please tick one box in each column) 
      
1 YES, soap is present       
2 YES, ash is present       






Multiple choice Skip to… 
66 Is there evidence of open 
defecation in the school? 
(please tick one box) 
 1 YES   





Appendix 10: Household WASH questionnaire 
 
GPS coordinates of home  
School ID  
School Name  
Names of student(s) living there  
Student IDs of student(s) living 
there 
 
Number of adults (aged 16 or 
above) 
 
Number of children (below 16 
years of age) 
 
Please ask the female head of household (or another adult if she is absent) the following questions. Please read 








1. Is there a water source (including a rainwater collection system) within the home compound? (please tick one 
box) 
A. YES and it is always used (please go to question 18)  
B. YES but it only provides water during the rainy season (please go to question 10)  
















A. Surface water (from rivers, ponds, lakes)   
B. Borehole, tubewell or protected dug well   
C. Standpipe (or public tap)   
D. Rainwater collection   
E. Protected spring   
F. Unprotected dug well   
G. Piped water into home building   







3. How long does it take to go from home to the source, collect water, and return home with the water?  







A. Less than 5 minutes   
B. Between 5 and 30 minutes   
C. Between 30 minutes and 1 hour   












A. Always   
B. 0-6 hours   
C. 6-12 hours   
D. 12-18 hours   




5. For how many weeks are the different water sources used each year? 
(please write a number in part .1. OR write numbers in parts .2. and .3.) 
.1. Same source used throughout the year 
(please write the number of weeks that this source is used for each 
year) …………………………weeks 
OR 
.2. Dry season source 




.3. Rainy season source 







6. On average what is the total amount of water brought home each day… 
.1. …in the dry season? 
(please write the number of litres) 
 
…………………………………l 
.2. …in the rainy season? 










7. How often is water brought home? (please tick one box in each column) 






A. Daily   
B. Twice weekly   
C. Weekly   







8. Who carries this water to the home? (please tick boxes for all groups that bring water) 






A. Adult male (above 16 years of age)   
B. Adult female (above 16 years of age)   
C. Boy (below 16 years of age)    
D Girl (below 16 years of age)   






9. In the different seasons, is the water brought to the home used for… 
(please tick either YES or NO for the rainy season, and YES or NO, for the dry season, for each activity) 
 In the rainy 
season 
In the dry 
season 
YES NO YES NO 
.1. drinking?     
.2. cooking/food preparation?     
.3. cleaning pots, pans, bowls, spoons etc?     
.4. cleaning the home?     
.5. bathing?     
.6. washing clothes?     
.7. other? Please specify:     




Water taken from source within the home compound during the rainy season only 











A. Surface water (from rivers, ponds, lakes)   
B. Borehole, tubewell or protected dug well   
C. Standpipe (or public tap)   
D. Rainwater collection   
E. Protected spring   
F. Unprotected dug well   
G. Piped water into home building   




11. How many hours per day do the water sources defined in question 10 provide water?  











A. Always   
B. 0-6 hours   
C. 6-12 hours   
D. 12-18 hours   
E. More than 18 hours, but not always   
 
12. How many weeks per year is water brought to the home?.............................weeks 
(please write the number of weeks) 
13. When water is brought to home, what is the average total amount of water brought to home each day? 
 
................................l 
(please write the number of litres) 
 
14. How often is water brought to home? (please tick one box) 
A. Daily  
B. Twice weekly  
C. Weekly  
D. Less frequently than weekly  
 
15. Who carries this water to the home? (please tick boxes for all groups that bring water) 
A. Adult male (above 16 years of age)  
B. Adult female (above 16 years of age)  
C. Boy (below 16 years of age)  
D Girl (below 16 years of age)  




16. How long does it take to go to the source outside of the home, collect water, and return home with the 
water?  
(Listen to their response; don’t read the options to them. Please tick one box) 
A. Less than 5 minutes  
B. Between 5 and 30 minutes  
C. Between 30 minutes and 1 hour  
D. More than 1 hour Please specify:  
 
17. Is the water carried to the home used for… 
(please tick either YES or NO for each activity) 
 YES NO 
.1. drinking?   
.2. cooking/food preparation?   
.3. cleaning pots, pans, bowls, spoons etc?   
.4. cleaning the home?   
.5. bathing?   
.6. washing clothes?   
.7. other? Please specify:   
Having completed question 17, please now skip to question 21. 
 
Water always taken from source within the home  
 
18. Which type of water source is present in the home compound? (please tick one box) 
A. Surface water (from rivers, ponds, lakes)  
B. Borehole, tubewell or protected dug well  
C. Standpipe (or public tap)  
D. Rainwater collection  
E. Protected spring  
F. Unprotected dug well  
G. Piped water into home building  






19. How many hours per day does the water source defined in question 18 provide water? (please tick one 
box) 
A. Always   
B. 0-6 hours  
C. 6-12 hours  
D. 12-18 hours  
E. More than 18 hours, but not always  
 
 
20. Is the water carried to the home used for… 
(please tick either YES or NO for each activity) 
 YES NO 
.1. drinking?   
.2. cooking/food preparation?   
.3. cleaning pots, pans, bowls, spoons etc?   
.4. cleaning the home?   
.5. bathing?   
.6. washing clothes?   
.7. other? Please specify:   
 
Water treatment at home 
21. Do you use water immediately or do you deliberately wait for the dirt to settle to the bottom? (please tick 
one box in each column) 






A. Water used immediately   
B. Water left to stand and settle (please write the approximate number of hours that 









22. Do you treat drinking water (and if so, how)? (please one box in each column) 
 During the dry 
season 
During the short 
rainy season 
A. NO – No treatment   
B. YES – Boiling   
C. YES - Bishangari/Wuha Agar/PUR/ bleach/chlorine   
D. YES - Moringa seeds or other herbs   
E. YES - Ceramic, candle or biosand filters   
F. YES - Ultraviolet (SODIS) – water is left in clear plastic 
bottles and exposed to sunlight 
  
G. YES - Strained through a cloth   







23. Do you treat water that is not used for drinking and cooking (and if so, how)? (please tick one box in 
each column) 
 During the dry 
season 
During the short 
rainy season 
A. NO – No treatment   
B. YES – Boiling   
C. YES - Bishangari/Wuha Agar/PUR/ bleach/chlorine   
D. YES - Moringa seeds or other herbs   
E. YES - Ceramic, candle or biosand filters   
F. YES - Ultraviolet (SODIS) – water is left in clear plastic 
bottles and exposed to sunlight 
  
G. YES - Strained through a cloth   









24. How often do family members bathe or shower? 
(please tick a box) 
A. Daily  
B. Twice weekly  
C. Weekly  




25. Where do family members bathe or shower?  
(please tick a box for each season) 




A. Shower/bathroom in the home   
B. Shower/bathroom in the home yard/plot   
C. Neighbours’ shower/bathroom   
D. Communal shower/bathing facilities   
E. River or lake   




26. Which of the following is most commonly in bathing/showering? (please tick one box) 
A. Soap bars  
B. Soap powder  
C. Endod  
D. Only water  






27. How often are clothes taken to the river or lake to be washed? 
 (please tick a box for each season) 




A. Daily   
B. Twice weekly   
C. Weekly   





28. Who washes clothes for the family?  
(Please tick the appropriate box(es). More than one answer allowed if there is more than one group washing 
clothes frequently (more than once per week)) 
A. Adult male (above 16 years of age)  
B. Adult female (above 16 years of age)  
C. Boy (below 16 years of age)  
D Girl (below 16 years of age)  





29. Which of the following is most commonly used to wash clothes? (please tick one box) 
A. Soap bars  
B. Soap powder  
C. Endod  
D. Only water  




30. How recently have people in this household been swimming for pleasure? 
(please tick a box for each row. If there are no people from this group in the household, please tick ‘Not 
applicable’) 
 A. In 
the last 
day 
B. In the 
last 48 
hours 
C. In the last 
week 




.1. Adult male (above 16 years of age) 
     
.2. Adult female (above 16 years of age) 
     
.3. Boy (below 16 years of age)      
.4. Girl (below 16 years of age)      
  
31. How recently have people in this household been into rivers or lakes for economic tasks (such as fishing, 
harvesting reeds)? 
(please tick a box for each row. If there are no people from this group in the household, please tick ‘Not 
applicable’) 
 A. In 
the last 
day 
B. In the 
last 48 
hours 
C. In the last 
week 




.1. Adult male (above 16 years of 
age) 
     
.2. Adult female (above 16 years of 
age) 
     
.3. Boy (below 16 years of age)      
.4. Girl (below 16 years of age)      
 
 
Water and sanitation finance 
32. Does the household pay a regular fee for water provision? (please tick one box in each column) 
A. NO – the household does not pay a regular fee for water provision  
B. YES – the household pays a monthly fee for water provision  
C. YES – the household pays a yearly fee for water provision  







33. Roughly how much does the household spend on the following per week? (please write the number of 
Birr spent on each category per week) 
1. Soap  
…………………………………………………Birr 
2. Water treatment agents  
…………………………………………………Birr 






34. When do family members wash their hands?  
(please tick boxes for the times that family members report washing their hands) 
A. After going to the toilet  
B. Before eating  
C. When hands are visibly dirty  
D. Other  Please specify:   
 
 
35. What do family members use to wash their hands? (please tick the appropriate box) 
A. Only water  
B. Water and soap  
C. Water and ash  
D. Other  Please specify:   
 
 
36. Do family members eat with their hands or do they use spoons, knives or forks? 
(Please tick a box) 
A. They eat with their hands   









37. Is there a large (capacity at least 1000l) container or tank for water storage within the home compound? 
 
YES or NO 
 
(please circle the answer). If NO, please skip to question 38.1.If YES, please go and inspect the tank(s), and 







What is the total capacity of water storage in the home compound? 
(please write the number of litres. Tape measures may be used to 
estimate tank volumes if the volume is unknown) ………………..litres 
37.2 
What is the total capacity of rainwater-fed water storage in the home 
compound? 
(please write the number of litres of tanks which are connected with 
pipes to the roofs of the school buildings) ………………..litres 
37.3 
For how long during the short dry season are the water tanks used as 
the household’s water source? 
(please give the approximate number of weeks) ……………..weeks 
37.4 Are any of the tanks leaking? 
NO (please skip to 
question 37.6) 
 
YES (please answer 
question 37.5) 
 
37.5 Combined capacity of tanks that are not leaking: ………………..litres 
37.6 Are any of the tanks uncovered? 
NO (please skip to 
question 38.1) 
 
YES (please answer 
question 37.7) 
 









I would now like to see the area where food is prepared. 
38.1 Is there a specific building for food preparation?     YES or NO 
(please circle the answer. If NO please skip to question 39. If YES please tick either YES or NO for each of the 
questions in the table below) 
 YES NO 
38.2. Is food stored in this building?   
38.3. Does this building have secure walls?   
38.4. Does this building have a secure door?   
38.5. Does this building have a chimney?   
38.6 Does this building have a complete roof?   
38.7. Does this building have windows?   




39. Does this household have a toilet?       YES or NO 
(please circle the answer. If NO please skip to question 42) 
 
 
40. In the opinion of the respondent, is there a problem with the latrine? (please ask this question to 
respondent, but don’t read the possible answers. Please tick the appropriate box(es)) 
A. NO - No problem  
B. YES - The toilet is broken  
C. YES - Too dirty  
D. YES - Too smelly  
E. YES - Too many flies  
F. YES - Too far away  
G. YES - Too dark inside  
H. YES - Afraid the floor will collapse  
I. YES - Too many people using it  




41. Sanitation inspection: 
(please inspect the latrine and fill in the table below) 
.1. Number of toilets: (please write the number)  
  
.2. Number of functional doors: (please write the number)  
.3. Type of sanitation: (please tick one after referring to the Guide to Types of Water Supply and Sanitation)  
A. Pit latrines with cement slab  
B. Pit latrines without cement slab (floor is made of wood/sticks)  
C. Ventilated improved pit latrines (VIPs)  
D. Composting toilets  
E. Pour flush to pit latrine/septic tank/piped sewerage  
F. Pour flush to elsewhere  
G. Flush toilets  
H. Hanging toilets or hanging latrines  
.4. How often is this toilet cleaned? (please tick a box)  
A. Cleaned daily  
B. Cleaned about twice weekly  
C. Cleaned weekly  
D. Cleaned less frequently than weekly  
.5. Structural condition of floor: (please tick a box)  
A. Good (shows no signs of damage)  
B. The floor is cracked but in place  
C. The floor has broken into separate pieces and fallen into the pit   
.6. Privacy of walls (please tick a box)  
A. Has fully private walls (no holes)  
B. Has walls with holes   
C. Has no walls  
.7. Condition of roof (please tick a box)  
A. Has roof with no holes (completely waterproof)  
B. Has roof with holes (somewhat waterproof)  




.8. Coverage of toilet hole (please tick a box)  
A. Hole is fully covered  
B. Cover material is present but hole is uncovered   
C. No hole covering present  
.9. Cleanliness of floors (please tick a box)  
A. Clean (no faeces, urine, flies, dirt or refuse)  
B. Unclean (some faeces, urine, flies, dirt or refuse)  
C. Very unclean (major presence of faeces, urine, flies, dirt or refuse)  
.10. Cleanliness of walls (please tick a box)  
A. Clean (no faeces, urine, flies, or dirt)  
B. Unclean (some faeces, urine, flies or dirt)  
C. Very unclean (major presence of faeces, urine, flies or dirt)  
.11. Presence of flies or other insects (please tick a box)  
A. No flies or other insects  
B. Some flies or other insects (less than about 20 flies per toilet)  
C. Many flies or other insects (more than about 20 flies per toilet)  
.11. Type of cleansing material in the toilets at the time of inspection. (please tick a box)  
A. Appropriate cleansing materials (sanitary tissues, toilet paper)  
B. Inappropriate cleansing materials (leaves, newspapers, corncobs etc)  
C. No cleansing material present  
.12. Smell of the facility (please tick a box)  
A. No odour  
B. Slightly intolerable odour  






42. Is there evidence of open defecation in the home compound? 





Appendix 11: Student WASH questionnaire 
Please ask the student the questions, but wait for their answers; don’t read the possible answers. It is important 
that they understand that there is no ‘correct’ answer to each question, and that they should answer honestly 
with no fear of any consequences. Please carry out the survey so that the student cannot be heard by any 
teachers/staff so that this will not influence the student’s answers. 
1. Please tell me about when you wash your hands. (please tick either YES or NO in each row) 
 YES NO 
.1. After defecation   
.2. After urination   
.3. Before eating   
.4. When hands are noticeably dirty   
 
2. Please tell me what you most often use to wash your hands: (please tick one box) 
A. Water only  
B. Soap and water  
C. Ash and water  
D. Ash only  
E. Other Please specify:  
 
3. When you have to urinate at school, do you always use the toilet?   YES or NO 
(please circle the answer) 
 
 
4. When you have to defecate at school, do you always use the toilet?   YES or NO 
(please circle the answer) 
 
 
5. When you have to urinate at home, do you always use the toilet?   YES or NO 
(please circle the answer) 
 
 
6. When you have to defecate at home, do you always use the toilet?   YES or NO 





7. In your opinion is there a problem with the toilets at school? (Please tick all that apply) 
A. NO – No Problem  
B. YES - There is no toilet  
C. YES - The toilet is broken  
D. YES - The toilet is locked  
E. YES - Too dirty  
F. YES - Too smelly  
G. YES - Too many flies  
H. YES - Too far away  
I. YES - Too dark inside  
J. YES - Afraid the floor will collapse  
K. YES - Too many others using it/there is a long queue  
L YES - Not private enough  
 
8. In your opinion is there a problem with the toilets at home? (Please tick all that apply) 
A. NO – No Problem  
B. YES - There is no toilet  
C. YES - The toilet is broken  
D. YES - The toilet is locked  
E. YES - Too dirty  
F. YES - Too smelly  
G. YES - Too many flies  
H. YES - Too far away  
I. YES - Too dark inside  
J. YES - Afraid the floor will collapse  
K YES - Not private enough  
L. YES - Not allowed to use toilet  
 
9. Do you ever miss school because of the toilets being unpleasant or not private enough? 







10. Do you ever carry water to school? (Please tick one box) 
A. YES, throughout the year  
B. YES, but only during the dry season  






11. Where does this water come from? (please tick one box) 
A. Surface water (from rivers, ponds, lakes)  
B. Borehole, tubewell or protected dug well  
C. Standpipe (or public tap)  
D. Rainwater collection  
E. Protected spring  
F. Unprotected dug well  
G. Piped water into home building  





12. Are you ever thirsty at school and don’t have a drink? (Please tick one box) 
A. Yes, always  
B. Sometimes  
C. Occasionally  





13. How often do you go into rivers and lakes (including times when only your feet and ankles get wet) for the 
following reasons? (please tick one box in each row) 
 
 A. Every 
day 
B. A few 
times per 
week 
C. About once 
per week 
D. Less than 
once per 
week 
.1. Swimming for fun     
.2. Crossing rivers to go somewhere     
.3. Collecting water for school     
.4. Collecting water for home     
.5. Bathing     
.6. Fishing     




Appendix 12: Contingency tables for associations between various aspects of sanitation conditions 
Note that these contingency tables are presented in two large tables. 
Table 34: First table providing contingency tables for associations between the various aspects of sanitation conditions. 
 Type of sanitation 
Sharing with 
opposite gender Presence of doors 
Structural condition of 
floor Privacy of walls Cleanliness of floors 




0 101 284 42 26                    
2 633 1608 130 143                    
NA 0 0 0 0                    
Presence of 
doors 
0 191 184 14 2 55 336 0                 
1 54 311 15 3 71 312 0                 
2 321 1134 112 9 245 1331 0                 




0 63 43 9 3 31 87 0 31 17 46 24             
1 354 326 12 6 104 594 0 176 95 309 118             
2 299 1472 146 10 285 1642 0 167 254 1197 309             
NA 18 51 5 150 33 191 0 17 16 24 166             
Privacy of 
walls 
0 72 96 10 2 24 156 0 39 25 95 21 38 68 72 2         
1 324 266 76 5 130 541 0 172 89 89 126 56 380 228 7         
2 321 1501 80 12 272 1642 0 175 260 260 300 16 248 1617 33         
NA 17 29 6 150 27 175 0 5 9 9 170 8 2 10 182         
Cleanliness of 
floors 
0 126 246 39 5 91 325 0 83 68 221 44 62 138 208 8 49 176 184 7     
1 497 1208 88 9 245 1557 0 254 251 985 312 47 512 1215 28 117 422 1254 9     
2 94 391 39 4 83 445 0 51 55 342 80 6 44 469 9 11 68 446 3     
NA 17 47 6 151 34 187 0 3 9 28 181 3 4 35 179 3 5 30 183     
Cleanliness of 
walls 
0 70 113 23 3 47 162 0 48 35 102 24 44 72 86 7 40 92 74 3 182 19 4 4 
1 405 1017 59 11 233 1259 0 208 219 840 225 50 479 941 22 124 418 935 15 174 1250 52 16 
2 234 733 84 5 141 915 0 129 126 611 190 17 142 879 18 9 152 891 4 51 529 471 5 
NA 25 29 6 150 32 178 0 6 3 23 178 7 5 21 177 7 9 14 180 9 4 1 196 
Flies 
0 119 241 26 3 98 291 0 68 71 210 40 60 146 171 12 41 151 193 4 234 136 17 2 
1 489 1245 103 14 251 1600 0 266 259 1008 318 48 500 1271 32 129 444 1261 17 161 1484 181 25 
2 105 374 34 2 74 441 0 55 48 335 77 4 47 456 8 7 68 435 5 15 171 323 6 
NA 21 32 9 150 30 182 0 2 5 77 182 6 5 29 172 3 8 25 176 6 11 7 188 
Odour 
0 154 310 37 6 104 403 0 94 83 276 54 61 186 246 14 46 204 246 11 295 190 14 8 
1 500 1262 105 12 266 1613 0 254 263 1034 328 49 480 1314 36 130 412 1325 12 109 1528 216 26 
2 60 278 22 1 52 309 0 39 30 238 54 3 25 331 2 2 46 310 3 2 70 287 2 




 Type of sanitation 
Sharing with 
opposite gender Presence of doors 
Structural condition of 
floor Privacy of walls Cleanliness of floors 
0 1 2 NA 0 2 NA 0 1 2 NA 0 1 2 NA 0 1 2 NA 0 1 2 NA 
Water for 
handwashing 
0 645 1651 139 15 376 2074 0 344 342 1368 396 102 610 1692 46 166 576 1689 19 386 1611 422 31 
1 53 141 7 4 35 170 0 36 24 116 29 6 67 130 2 8 80 115 2 18 139 44 4 
2 12 67 18 0 11 86 0 6 11 68 12 4 11 78 4 1 8 85 3 5 39 52 1 




0 686 1734 145 19 388 2196 0 372 356 1428 428 109 668 1758 49 168 633 1755 28 391 1695 461 37 
2 11 103 16 0 24 106 0 15 18 93 4 1 13 113 3 2 20 108 0 9 73 47 1 
NA 37 55 11 150 41 212 0 4 9 55 185 8 17 56 172 10 18 51 174 16 34 20 183 
Soap or ash 
for 
handwashing 
0 700 1784 153 18 412 2243 0 376 365 1487 427 107 668 1830 50 171 636 1819 29 401 1732 482 40 
1 5 21 3 0 3 26 0 3 3 16 7 2 11 16 0 1 14 14 0 2 19 8 0 
2 0 38 8 0 3 43 0 4 7 31 4 0 6 40 0 3 5 38 0 0 22 24 0 
NA 29 49 8 151 35 202 0 8 8 4 179 9 13 41 174 5 16 43 173 13 29 14 181 
Table 35: Second table providing contingency tables for associations between the various aspects of sanitation conditions. 
 Cleanliness of walls Flies Odour Water for handwashing 
Washbasins for 
handwashing 
0 1 2 NA 0 1 2 NA 0 1 2 NA 0 1 2 NA 0 2 NA 
Flies 
0 156 175 54 4                
1 45 1189 603 14                
2 7 117 386 5                
NA 1 11 13 187                
Odour 
0 160 270 70 7 296 191 17 3            
1 44 1169 650 16 86 1575 209 9            
2 2 36 321 2 3 75 283 0            
NA 3 17 15 185 4 10 6 200            
Water for 
handwashing 
0 192 1345 890 23 367 1651 421 11 469 1667 293 21        
1 13 107 82 3 10 146 48 1 31 140 34 0        
2 2 25 70 0 9 47 41 0 3 60 33 1        
NA 2 15 14 184 3 7 5 200 4 12 1 198        
Washbasins for 
handwashing 
0 200 1401 956 27 370 1731 469 14 482 1756 325 21 2366 163 41 14    
2 1 55 74 0 7 90 33 0 11 91 27 1 43 38 49 0    
NA 8 36 26 183 12 30 13 198 14 32 9 198 41 4 7 201    
Soap or ash for 
handwashing 
0 201 1439 987 28 377 1787 477 14 493 1805 334 23 2388 181 71 15 2508 99 48 
1 2 20 7 0 2 24 3 0 7 20 1 0 12 17 0 0 21 6 2 
2 0 10 36 0 3 21 22 0 0 31 14 1 15 7 24 0 19 25 2 




Appendix 13: Results of the sanitation and hygiene sensitivity analyses 
Table 36: Summary of the results (Kendall's τb estimates with CIs) of the sanitation and hygiene sensitivity analyses. 
 





























Sanitation score 0.045 -0.036 0.14 -0.067 -0.11 -0.023 -0.003 -0.056 0.05 -0.039 -0.09 0.012 
Sanitation score excluding sharing factor 0.046 -0.035 0.14 -0.073 -0.12 -0.029 -0.006 -0.059 0.047 -0.044 -0.095 0.007 
Sanitation score excluding all factors except sharing 0.057 -0.025 0.13 -0.085 -0.13 -0.041 -0.011 -0.065 0.042 -0.026 -0.077 0.025 
Sanitation score excluding doors factor 0.044 -0.037 0.14 -0.072 -0.12 -0.028 0 -0.054 0.052 -0.046 -0.097 0.005 
Sanitation score excluding all factors except doors 0.053 -0.028 0.13 -0.091 -0.14 -0.047 -0.021 -0.074 0.032 -0.026 -0.077 0.025 
Sanitation score excluding kind factor 0.045 -0.036 0.14 -0.065 -0.11 -0.021 0.0009 -0.052 0.054 -0.037 -0.089 0.014 
Sanitation score excluding all factors except kind 0.056 -0.025 0.13 -0.1 -0.15 -0.058 -0.023 -0.076 0.03 -0.036 -0.087 0.016 
Sanitation score excluding structural condition of 
floor factor 
0.042 
 -0.039 0.14 -0.068 -0.11 -0.023 -0.002 -0.055 0.051 -0.037 -0.088 0.014 
Sanitation score excluding all factors except 
structural condition of floor 0.059 -0.022 0.13 -0.097 -0.14 -0.052 -0.017 -0.07 0.036 -0.036 -0.087 0.015 
Sanitation score excluding privacy of walls factor 0.046 -0.035 0.13 -0.068 -0.11 -0.024 -0.002 -0.055 0.051 -0.039 -0.09 0.012 
Sanitation score excluding all factors except privacy 
of walls 0.051 -0.03 0.13 -0.097 -0.14 -0.052 -0.018 -0.071 0.036 -0.034 -0.085 0.017 
Sanitation score excluding cleanliness of floors 
factor 0.045 -0.036 0.14 -0.07 -0.11 -0.026 -0.006 -0.059 0.047 -0.037 -0.088 0.014 
Sanitation score excluding all factors except 
cleanliness of floors 0.057 -0.025 0.12 -0.097 -0.14 -0.052 -0.013 -0.066 0.04 -0.038 -0.089 0.013 
Sanitation score excluding cleanliness of walls 
factor 0.048 -0.033 0.14 -0.071 -0.11 -0.026 -0.006 -0.059 0.047 -0.035 -0.086 0.016 
Sanitation score excluding all factors except 
cleanliness of walls 0.054 -0.028 0.13 -0.094 -0.14 -0.049 -0.012 -0.065 0.041 -0.039 -0.09 0.012 
Sanitation score excluding presence of flies factor 0.051 -0.03 0.13 -0.071 -0.12 -0.027 -0.005 -0.058 0.048 -0.036 -0.087 0.015 
Sanitation score excluding all factors except 
presence of flies 0.056 -0.025 0.13 -0.08 -0.12 -0.036 -0.006 -0.059 0.047 -0.038 -0.089 0.013 
Sanitation score excluding odour factor 0.05 -0.031 0.14 -0.07 -0.11 -0.026 -0.004 -0.057 0.049 -0.037 -0.089 0.014 
Sanitation score excluding all factors except odour 0.055 -0.026 0.13 -0.079 -0.12 -0.035 -0.004 -0.058 0.048 -0.039 -0.09 0.012 
Hygiene score - - - -0.007 -0.057 0.042 0.018 -0.04 0.076 -0.076 -0.13 -0.02 
Hygiene score excluding water for handwashing 
factor - - - -0.12 -0.17 -0.083 -0.036 -0.085 0.013 -0.051 -0.099 -0.0033 
Hygiene score excluding all factors except water for 
handwashing - - - -0.12 -0.16 -0.079 -0.033 -0.082 0.016 -0.047 -0.095 0.00024 
Hygiene score excluding washbasins factor - - - -0.11 -0.16 -0.073 -0.03 -0.079 0.019 -0.05 -0.098 -0.0024 
Hygiene score excluding all factors except 
washbasins - - - -0.13 -0.17 -0.086 -0.036 -0.085 0.013 -0.047 -0.094 0.00081 
Hygiene score excluding soap for handwashing 
factor - - - -0.12 -0.16 -0.078 -0.031 -0.08 0.018 -0.052 -0.1 -0.0047 
Hygiene score excluding all factors except soap for 
handwashing - - - -0.12 -0.16 -0.078 -0.038 -0.087 0.011 -0.04 -0.088 0.0073 
Sanitation score excluding all factors 0.056 -0.025 0.13 -0.098 -0.14 -0.054 -0.019 -0.072 0.034 -0.034 -0.085 0.017 










































































Appendix 15: Hygiene sensitivity analyses – graphs and Kendall's τb estimates with CIs 
 
 














Figure 82: Hookworm and hygiene sensitivity analyses.
  
 
 
